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Preface 


The worldwide exchange of ideas and information plays an important role within Unesco’s 
programme to promote innovations for the improvement of science education at all levels. One 
of Unesco’s contributions to this international exchange is the publication of a series on The 
Teaching of Basic Sciences. Volumes entitled New trends in the Teaching of ...... have been 
published within this series, each of them covering one of the five subjects mathematics, physics, 
chemistry, biology and integrated science. So far two, three or four volumes have appeared in 
each of these since the series started ten years ago. Additionally, a volume was published under 
the title New Trends in the Utilization of Educational Technology for Science Education. 


New Trends in Integrated Science Teaching, volume 3 and New Trends in Chemistry Te eaching, 
volume 4 were the outcome of two major international conferences held in 1973 (in Maryland, 
USA and in Wroclaw, Poland respectively). It was decided to adopt the same procedure for the 
next volumes in biology, physics and mathematics. For the physics meeting Unesco worked with 
the International Commission on Physics Education (ICPE) of the International Union of Pure 
and Applied Physics (IUPAP). This was a natural choice in view of the already well-established 
pattern of collaboration between ICPE and Unesco and the successful completion of several 
joint projects. Preliminary discussions between Unesco and ICPE, initiated in 1973, were followed 
by the setting up of an international planning committee, a national committee and a local 
Organizing committee. Close collaboration between all these bodies led in due course to the 
International Conference on Physics Education (Edinburgh, 29 July to 6 August 1975). The 
Conference was convened by IUPAP, through ICPE, and was sponsored and supported by Unesco, 
The Royal Society, the Institute of Physics and the University of Edinburgh. Further financial 
support was provided by the British Council and a number of official and private organizations 
in the United Kingdom. 


The present volume is the result of the discussions that took place in the working groups at 
the above-mentioned international conference. Each of its twenty chapters covers one specific 
aspect of the overall field of physics education. Some chapters refer to university education, 
some to secondary school education and some to problems related to both levels. Some chapters 
also deal with non-formal education. 


This book is addressed to all those who are actively interested in the improvement of physics 
education at whatever level — teachers in universities and teacher-training institutions, officials 
at ministries of education, members of examination boards and of teachers’ associations, 
secondary-school teachers, school inspectors, curriculum supervisors, students preparing to 
become physics teachers, etc. Certain chapters could also be of use as background material at 
national or regional seminars devoted to specific aspects of the process of improving physics 
education in the context of a national educational system or in the light of the problems common 
to a group of countries. The purpose of this book is to facilitate access to an international pool 
of ideas and information on various approaches to the improvement of physics education; each 


reader will analyse them and decide which approaches may be adequate and useful to the con- 
ditions in which he or she is working. 


Unesco wishes to express its appreciation to all the many persons who helped, directly and 
indirectly, in the preparation of this book. Special thanks are due to the editor of the volume, 
Mr. John L. Lewis, and his two co-editors, Mr. Jim Jardine and Professor G. Delacote, for the 
competence, the care and the patience with which they carried out thcir difficult task. 


Editorial foreword 


This book is an outcome of the International Conference on Physics Education which was held 
at the University of Edinburgh from 29 July to 6 August 1975. 


Each of the 20 chapters of this volume is based on the discussions that took place in the 
working groups, which constituted the main activity of the Conference. The topics of discussion 
covered very broadly the whole field of physics education at both university and secondary 
levels. Although each working group had a ‘trend paper’ which had been prepared and circulated 
in advance of the Conference as a basis for its discussions, each chapter in this book is.the result 
of the collective efforts of the members of the corresponding working group. A great debt is 
owed to the authors of the working papers, not only for having written them in the first place 
and having thus set a fruitful framework for the discussions at the Conference, but also for their 
help and understanding during the Conference and in the subsequent editorial stage. Likewise, 
I am grateful to those who chaired the discussions as well as to the secretaries of the working 
groups and to all those participants who contributed to the discussions. 


I would like also to express my indebtedness to the staff of Unesco for their help and encourage- 
ment. Finally, I wish to place on record my gratitude to the co-editors of this volume, Jim 
Jardine and Professor Goery Delacote, who have always been willing to help ungrudgingly when- 
ever called upon to do so. 


John L. Lewis, Editor 
Senior Science Master, Malvern College, 
Malvern, Worcestershire, U.K. 


Secretary, International Commission on Physics 
Education 
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1 The post-graduate education 
of physicists 


The original paper used as the basis for discussion at the Edinburgh Conference was written 
by M. Cernohorsky and an edited version forms the first part of this chapter. Unfortunately 
Professor Cernohorsky was not able to attend the conference and the second part of the 
chapter, written in his absence, is the outcome of discussion at that conference. 


1.1 INTRODUCTION 


The international nature of physics education is in no way comparable with the international 
nature of physics itself. The internationally understandable language of physics and the inter- 
national structure of physical science have no counterparts in the national or regional features of 
physics education. This is one reason underlying the need for world-wide cooperation in physics 
education. 


Even the words ‘post-graduate education’ have different meanings in different national 
educational systems. In this chapter the term will be used to mean any further education of a 
person already holding a first university degree in physics or its equivalent. We will focus on new 
developments and needs in training physicists: 


(a) to serve mainly as staff members in university physics departments, with primary 
emphasis on research but including preparation for their teaching activities; 


(b) to serve mainly as staff members in tertiary-level institutions with physics teaching as 
their major activity; 


(c) to serve as research workers and to occupy other positions in industry and in other 
professions and disciplines. 


1.2 SCIENCE, INDUSTRY, EDUCATION — THE MAIN PROFESSIONAL AREAS 


It is not possible to describe here the situation in all countries, nor to point out all the specific 
problems concerning different economies, different cultures, different industries and research 
situations. Findings relevant to one country may not be applicable to another. Nevertheless, it is 
worth while quoting certain characteristic standpoints adopted over the last fifteen years which 
have led to new developments. In choosing these we have preferred those relevant to the present 
situation without regard to the chronology. 


The main line of university education in physics deals with the full-time studies of young 
people between the ages of 18 and 27 who are preparing for careers in physics, physics teaching 
or one of other professions requiring a knowledge of physics [5, p139]. 
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All university programmes essentially comprise two stages. The first stage, primarily of a 
tutorial nature and lasting three to six years, is followed by another which usually lasts two to 
five years. The two stages are not necessarily separate and may in some cases overlap. Some 
physicists terminate their university education at the end of the first stage [11, p25]. 


Comparatively few students have an opportunity to carry out research at the frontiers of 
knowledge. Such research normally requires about two years of advanced study and research 
(leading to an intermediate degree) followed by three to seven years (for the doctoral degree). 
Although the emphasis in post-graduate education lies on research, several countries have found 
it useful to add to their programmes advanced courses in physics as a means of raising the 
competence of the student to the highest possible level and of imparting to him the latest 
knowledge in the field [5, p127]. 


However, the following quotation [10] from B.H. Flowers suggests that university science 
education in general, not only in physics, tends to be narrow: 


“University education culminating in a Ph.D. is at its best an admirable preparation for 
scientific research and teaching, but in many fields it seems to be out of touch with the wider 
problems of science and technology outside the research laboratory. Without doing harm in 
any way to the Ph.D. at its best or to the proper needs of scientific research, we therefore 
wish to see the spectrum of possibilities for postgraduate studies broadened by the inclusion 
in some cases of work which is not traditionally regarded as scientific research . . . . The 
traditional Ph.D. as a training for research must show a student how to penetrate in depth ata 
particular point in his subject albeit within a wider context. But to deal with many problems 
in industry or administration, what is needed is a capacity to grasp essential facts and ideas 
over a very wide area, and by seeing in depth the interrelations between them to plan the right 
action . . . . the chief initiative must still come from industry, for industry has more to gain 
directly from it than the universities.” 


C.G. Suits previously said in 1960 [6]: “If we, in industrial research, had a choice between 
abbreviated formal course work and full research training, on the one hand 
work and a resultant shorter period of research training, on the other hand, I think we would 
choose the latter.” And he put a question concerning the length of the post-graduate education: 
“What may happen in the distant, but not too distant future, is interesting to contemplate Will 
graduate training in physics then require 6 or 7 years, rather than the present 4 or 5 and former 
2 or 3? It is a question of what we will omit from the future course of study, for I would view 
with considerable alarm any further encroachment on the period of productive effort of the 
research physicist.” 


and full formal course 


The same approach was widely shared at international level eight years later in 19 
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I suggest that we allow physics graduate students, once they have satisfied course requirements 
for Ph.D. candidacy, to satisfy their thesis requirement by working under the supervision of an 
engineer, a chemist, a geologist or a faculty member associated with one of the special research 
institutes common on college campuses today.” 


He added another suggestion: 


“The second suggestion, if implemented, would require greater cooperation with industrial and 
government laboratories than has been customary heretofore. As long as the quality of the 
research performed is monitored by a faculty member from the degree-granting institution, 
I see no reason why a graduate student should not conduct his thesis research in any physics 
laboratory that has the facilities and personnel to support the. kind of applied research he or 
she would like to pursue.” 


This is in full agreement with the recommendations of 1968 [11, 7.2. c4, 6; 7.3. bl]. 


The structure of post-graduate education as well as its length is still much the same now in 
many countries as it was in 1960 in the United Kingdom [6, p98]: 


“... . At least one important point emerges as common to the thinking of industrialists and of 
many university teachers. This is the need for formal teaching beyond the level of the first 
degree. A three year first-degree course reaches a level that probably represents the intellectual 
ceiling of perhaps half of those who graduaté . . . . A one-year course of advanced lectures and 
its associated examination would be expected to lead to a further award, which might be a 
diploma or an M.Sc. The subsequent period of research for a Ph.D. might be completed by 
some students in a further 2 years, but it would more commonly be 3 years, making a total of 
7 years from first entry to the university.” 


No significant shift of opinion was observed during the sixties [11, p39]: 


“Industry in Europe and Japan appears to prefer to employ physicists at an early age, i.e. before 
they have obtained a Ph.D., although it was stressed that some exposure to research, say up to 
the Master’s degree, was desirable. This puts the age of first employment at 25—26 on the 
continent and at 22—23 in Great Britain and Japan. In contrast American industry wants a 
physicist to be self-sufficient on his first employment and is prepared to wait for this until he 
is 26—27 and has his Ph.D.” 


Many problems are due to insufficient cooperation between industry and university physics 
departments and to insufficient awareness of the needs [11, p42]: 


“It is appreciated that many of the recommendations are not yet widely accepted by industry 
in general, which may be unwilling to bear an adequate share of the costs, or indeed by many 
universities, where physics departments particularly the larger ones, must be made more aware 
of the problems of industry.” 


The validity of the above comments concerning work in industry and the preparation of 
physicists has been acknowledged for many years, but the problems still persist. The frontier is 
clear: industry on the one side, the universities on the other, although no antagonism is implied 
in this division. 


1.2.1 Problems in the Universities 


Turning to problems in the university itself, various quotations will serve to illustrate the 
position. 
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P. Klapper wrote in 1959 [25, p37]: 


“The large classes, the inexperienced teachers, the long teaching day, the heavy teaching 
assignments — these are not the primary causes of ineffective teaching in our colleges and 
universities today: rather they are the secondary causes which have intensified it. The fact 
remains that our teachers in institutions of post-high-school levels have not been prepared to 
teach. We have persisted in the assumption that good teachers are born, hence cannot be made 
and, further, that anyone who really knows can teach because the converse — he who does not 
know cannot teach — is true.” 


There may be no country where educational abilities are examined on the same professional 
level as abilities in research. In this respect, there would seem to be little difference between the 
various countries [5]: 


“The academic ranks in colleges and universities in the United States in order of increasing 
rank are: graduate assistant, instructor, assistant professor, associate professor and professor 
Teaching assistantships and research assistantships are held by graduate students while they 
work toward advanced degrees. Toward the end of their work as graduate students, some may 
be appointed as instructors and given somewhat greater teaching responsibilities. Both 
assistantships and instructorships are appointments for one academic year, renewable at the 
discretion of the institution. Most Ph.D.’s enter the academic ranks as assistant professors 
with three-year appointments. After two such three-year appointments, a meritorious faculty 
member is usually raised to the level of associate professor, after a roughly corresponding 
period as associate professor, to the rank of full professor. 


There are no formal qualifications that must be held before a candidate can be appointed to a 
post in a British university, although in practice the pattern is fairly clear and generally 
applicable. Universities aim to recruit their staff from among those who have obtained good 
‘bachelor’ honours degrees and have subsequently taken a Ph.D., but a doctorate is not 
formally an essential requirement, and, indeed, there are some very distinguished British 
academic physicists who did not, for one reason or another, take a doctor’s degree. The mai 
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countries in particular. Thus the training of overseas postgraduate students can aid international 
academic communications in both directions.” 


The importance of this for developing countries is especially high but the problem is obviously 
a general one. In the United States, A.A. Strassenburg answers the question “College physics 
teachers preparation — how to do it?” by concrete suggestions [20]. 


The problem should not be neglected by any higher education institution. All too often 
“A traditional part of the ‘education’ of a physics graduate student is to face a class as a teaching 
assistant. Unfortunately the most the new teaching assistant learns from this encounter is how 
little he knows about teaching.” [22]. 


The general characteristics of the problem are shown in the following [25, p24]: 


“Studies of the supply of teachers for higher education have been few in number and have not 
been particularly rigorous in their quantitative estimates or adequately analytical in terms of 
the subject disposition, the quality of teaching and levels of professional competence, or the 
relationship between supply and standards of university teachers in relation to comparable 
sectors of the manpower market. Though such questions are integrally linked to any realistic 
discussion of the need for and the character of new methods of teaching and learning, it is not 
possible in most countries to move far beyond informed guesswork in this respect; research 
has neither produced suitable data nor guidelines for applying it to the prospects of changes in 
teaching and learning methods. This is only one more of the urgent research tasks that a 
systematic approach to this problem demands.” 


A need for change is felt and such a change is coming. In the U.K. the Coordinating Committee 
for the Training of University Teachers indicates an appropriate way through conferences [26] 
and by stimulating contributions to its newsletter Jmpetus [27]. A fine example is an article by 
P. Kennedy [27, p12] on the seminar “How to get the best out of University teaching.” 


A similar trend, even if different in approach and form, may be seen in the U.S.S.R. [23] and 
other socialist countries [24]. International coordination of these useful efforts seems to be 
lacking at the present time. Let us hope that in the near future there will be less evidence in 
support of the statement that much of the teaching in most universities is still largely on an 
amateur basis [26]. 


1.3 THE PRIMARY PROBLEM 


We have indicated three main professional areas for the physicist. Each raises specific problems 
in respect of post-graduate education, and one of them is intimately connected with all the 
others: the problem of the university physics teacher. 


Scientific research is carried out in institutions of three different types: (a) the higher education 
institutions, the universities, (b) the purely scientific institutions, the Academies of Sciences in 
the socialist countries, le Centre National de la Recherche Scientifique in France, the Max 
Planck Institutes in the Federal Republic of Germany and so on, (c) certain industrial laboratories 
of high standard. Physicists active in these institutions are relatively few in number. They are 
admirably equipped for self-education, and are not only participants but very often initiators of 
suitable action to promote intellectual productivity, though this does not usually apply in the 
early stages of their scientific lives, when the influence of their teachers and more advanced 
colleagues might be determining factors. Here the role of the teacher in recognising talents and 
developing them in appropriate directions cannot be overemphasised. We must, however, 
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recognise that there are too many university physics teachers who do not feel this to be part of 
their educational activities, except perhaps in the case of their own research fields. 


Effective mutual help between institutions in Organizing post-graduate educational activities, 
defining the objectives and content of courses, organizing summer-schools, seminars, conferences, 
etc., is of great importance. It is necessary to disseminate good examples by publishing full 
information on activities, as is organized by le Centre National de la Recherche Scientifique [28] 
together with similar materials from other countries (the Academies of Science, Max Planck. 
Institutes, etc.). It would seem to be necessary to have means of gathering the necessary data and 
presenting it in a suitable form. This could be most effective for the participating institutions in 
providing an exchange of experience. A solution to the problem largely depends on university 
teachers. 


What has been said concerning scientific research in general applies to industrial research and 
to other professional activities of physicists in industry as well as other professions and disciplines. 
In contrast to scientific research we find much more heterogeneity in this regard from one 
geographical region to another. Nevertheless there are many questions common to all countries. 
One concerns the structure of full-time university post-graduate education in preparation for a 
career. 


The pattern of three-year undergraduate education followed by optional periods of various 
length and content seems to be advantageous and is probably generally acceptable, naturally 
subject to modification in the particular conditions of certain countries. The variety of patterns 
in one- or two-year M.Sc. courses, or their equivalents, is attractive as it makes it possible to 
tackle the problems of multidisciplinarity, interdisciplinarity and special needs of professions 
open to persons with basic higher education in physics 


So far no detailed description of any post-graduate education programme seems to have been 
published, that is to say not just the content of particular courses but a 
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There are specific problems at the tertiary level of physics education in applying innovation 
and progress in the theory of teaching and learning, and also in making contact with the thinking 
of the younger generation. 


With the increased need for tertiary-level physics teachers, with the extension of areas concerned 
with the discipline of physics and with progress in the theory of teaching and learning, tertiary- 
level physics teachers should be offered help during their careers by organized forms of in-service 
training. Physics education lags very much behind physics itself. Every effort should be made to 
promote the education of tertiary-level physics teachers. This will necessarily open various 
related questions, but compared with the need to change the present situation of university 
physics teaching, all other issues are secondary. But what is to be done ona large scale with the 


primary problem? 
Fortunately contemporary trends include features which promise progress and certain lines 
have already been mentioned. 


In the socialist countries, a conference is held every year by the ministers of education and 
post-graduate education is among the issues discussed [24]. At present, discussion is general but 
there is no doubt that particular countries will deal with the specific areas more systematically 
and in detail. At the same time, post-graduate courses, seminars, summer schools and conferences 
in physics of various kinds are organized by the universities and by the Academies of Sciences, 
which contribute towards effective progress. 


In many countries, as for example in the United Kingdom, initiative lies with the universities, 
although governmental influence also manifests itself efficiently [10]. It is encouraging to note 
that great progress is being made in the United Kingdom by the Co-ordinating Committee for the 
Training of University Teachers. Its activities documented by a conference in 1974 [26] and by 
the modest but highly commendable newsletter [27] show what is needed. Cooperation of 
educationalists among themselves, on the one hand, and with students, on the other, concerns 
more than purely scientific and teaching-and-learning problems. Among others, we should see in 
these efforts a most serious attempt to reduce and possibly to abolish the stresses between the 
student and the teacher. 


IUPAP and Unesco have already proved on many occasions their interest in, and their ability 
to promote, the production and world-wide dissemination of materials for the improvement of 
physics education at national and international level. This applies not only to physics education in 
general, but also to the specific area of post-graduate education. Concrete suggestions as to how 
these institutions could organize or coordinate further activities are therefore highly desirable. 


1.4 DISCUSSION BY THE WORKING GROUP 


Following Cernohorsky, the working group at the Edinburgh Conference interpreted post- 
graduate education of physicists as any further education of a person awarded at least the first 
university degree in physics or its equivalent. As such it refers to formal programmes of training 
leading to degrees such as M.S., M.Phil., M.A.T., Ph.D., D.Sc., etc., as well as to programmes of 
continuing education designed to assist physicists in industry, secondary schools, colleges and 
universities in keeping up to date on developments in the field. 


J.S. Bruner has written: “J shall take it as self-evident that each generation must define afresh 
the nature, direction and aims of education to assure such freedom and rationality as can be 
obtained for a future generation. For there are changes both in circumstances and in knowledge 
that impose constraints on and give opportunities to the teacher in each succeeding generation. 
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It is in this sense that education is in constant process of invention.” There are two factors of 
importance to a discussion of education at any level, including post-graduate education. One is 
the fact that the subject matter area changes — physics itself evolves. The other is that the context 
in which educational programmes exist changes — societies themselves evolve. There does not 
appear to be much difficulty with the first factor. Physics as a subject matter area is truly 


international, people in all countries speak the language of physics fluently, they understand the 
structure of the subject and follow its changes. 


On the other hand, the second factor — the context for educational programmes in physics — 
appears to differ strongly from one country to another; and in each country to vary with time 
and on occasion very rapidly. As Cernohorsky remarks, “It is hardly possible to describe the 
situation in all topical areas and in all countries and to point out all the specific problems 
connected with the different structures in economics and in culture, in industry and in education 
in science and in research of the particular countries . . . . Findings highly relevant for one 
country may not be applicable in another.” Discussion in the working group provided numerous 
examples of the truth of this statement. 


While there are obvious differences of relevance, priority and context in different countries 
there are nevertheless some general problems which appear to be shared more or less in common. 
These derive from the common questions which each country must answer concerning what kinds 
of physicists and how many physicists it requires and what various kinds of needs it has that 
physicists can fulfill. This section reports on the group discussions concerning the main career 
areas in physics and their relations to post-graduate education. 


1.4.1 The Main Problem Areas 


The working group accepted that the distinct career areas for physicists were (a) as staff members 
in universities with a primary emphasis on research but with some teaching responsibilities 
(b) as teachers in other tertiary institutions, (c) as physicists in government or private esearch 
laboratories in which the emphasis is on pure research, (d) as scientists in industry where th 
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The working group discussed this question at considerable length and agreed, as Cernohorsky 
has said, that it was essential to pay more attention to the training of university physics teachers. 
As A. Moumouni (Niger) emphasises, one of the important responsibilities of a university teacher 
is that he should be able to detect and to encourage the development of the talents of gifted 
students. No country can afford to ignore this aspect. In Sweden there is a programme for the 
training of university teachers which consists of a short introductory course, practical guidance 
during the first year and seminars and short courses in subsequent years. Additional references to 
reports and surveys carried out in recent years in the U.S.A. are given in the bibliography 
[31—38]. 


The need to train physicists for industry has been recognised for some time in many countries. 
Courses designed for this specific purpose exist at the first degree level in the so-called technical 
universities, polytechnics and institutes of technology. Less attention has been paid to the need 
to provide suitable post-graduate training for future physicists in industry. This broad problem 
was discussed by a conference in 1968 [11] and will be further discussed at a conference planned 
for 1976 [39]. The bibliography give a number of references on this subject [10—16]. The needs 
of industry differ widely but there seems to be fairly general agreement that industry wants 
physicists who are adaptable and who are fairly voung. 


A number of specific programmes of cooperation between universities and industrial organiza- 
tions have been developed. B. Ronne (Sweden) has carried out an extensive survey of feedback 
mechanisms between the labour market and higher education with the aim of designing 
programmes which fit in better with the needs of employers [40]. In Iraq there is a programme 
of ‘applied research groups’, teams made up of both university representatives and representatives 
of industry, to work on problems of direct industrial interest. This programme has been in 
operation for two years and the results appear promising. Similar programmes exist in Cuba and 
Mexico. Several countries allow post-graduate students to do all or part of their thesis work in 
industry. The working group felt that it would be extremely valuable to have a comprehensive 
report on such programmes and activities available. 


There are several other types of post-graduate training which will almost certainly become 
much more common in future years. The first of these reflects the need to provide for training 
in interdisciplinary areas. For example, it may be desirable for a person with a first degree in 
physics to have some post-graduate training in another science such as biology, geology, or in 
some business-related area such as economics or management. Such programmes are currently 
possible in some countries but not in others. The important role that physicists can play in 
biological research was emphasised. 


Another type of post-graduate training is concerned with providing an opportunity for 
continuing education for people with a first degree in physics who are employed as physicists or 
physics teachers. Programmes for the in-service training of secondary teachers are discussed 
elsewhere in this volume. The University of New South Wales in Australia has initiated an 
interesting course leading to a diploma in ‘Current Science’, specifically intended for industrial 
scientists and teachers. 


1.5 SUGGESTIONS AND RECOMMENDATIONS FOR THE FUTURE 


The working group endorsed the view that the following surveys should be made: 


(a) A survey of post-graduate and continuing education programmes for physicists in all 
countries. 
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(b) A survey of education programmes for tertiary-level physics teachers in all countries. 


(c) Preparation of a model teacher’s guide for tertiary-level physics teachers which would 
help stimulate the production of such guides by each country for its own teachers. 


ini i i i lems of post-graduate education 
oup was of the opinion that its consideration of the prob e e 
seat as ben greatly facilitated by the existence of the surveys recommended in items (a) 
and (b) above and that current surveys of this kind would be of much value to physicists and 
physics teachers in all countries for purposes of comparison. 


It also recommended that there should be summer schools on the education of tertiary-level 
teachers of physics, both on the national and international level. 


As noted earlier, the group gave considerable attention to the question of post-graduate 
training of physicists in research, both for prospective university physicists and for those in 
industry. Here again, national and even local boundary conditions will play an important role in 
determining the nature of possible solutions, but it was the sense of the group that well educated 
physicists are essential to all countries, and that their training requires the development of an 

tive research atmosphere and of the many and various support functions required to sustain it. 
Each country also needs to concern itself with opportunities for employment which make good 
use of the training the physicist has received. Failure to have a good ‘impedance match’ between 


training programmes and national needs generally results in much frustration and waste of human 
and material resources. 


ment of technology and industry in the various countries represented 

= 5 pone — ae The question of how physicists in one country could make use of the 

ait nces of those in another, of ways in which ideas could be interchanged and in which 

une could be given when required and requested came to the surface often in the group’s 
discussion and brought forth a number of specific suggestions for such assistance. 


No physicist can long maintain himself without access to the tremendous and expanding world 
literature in his field. Nor can an advanced training programme be successful without such access. 
The provision of adequate library facilities, particularly current technical journals, monographs 
and textbooks, is a major problem in many countries. The working group strongly emphasised 
the importance of having at least one really comprehensive library collection in physics and 
physics teaching in each country and strongly supported the work of international organizations 
and individual physicists in trying to help countries which request assistance in building such 
collections. 


Two other important areas in which assistance can be provided are those of highly trained 
or no local expertise is available in a 
particular area of physics and if a country wishes to develop that area in its educational system, 
d training, or it may import competent 
teachers and research workers. In the case of students sent abroad for advanced training, it 
sometimes happens that the student on completion of th ini 


The group also noted that 
establishing or in developing 
in industry, every effo 
interests and abilities o 


when a highly trained physicist is invited from abroad to assist in 
a programme of teaching and research in a university or of research 
rt should be made to have 


a proper ‘impedance match’ between the 
f the visitor and the Opportunities which the host country provides for the 
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visitor to utilize his abilities in a productive way. Not to have a good match of interests and 
opportunities is once again likely to result in mutual frustration and a waste of scarce human and 
material resources. 


Similar considerations apply to the matter of scientific equipment, especially of a sophisticated 
type. Even in the most technically advanced countries one can find examples of expensive 
equipment standing idle in a physics laboratory because no one knows how to use it properly 
and effectively, or because the technical skill and the necessary spare parts are not available to 
repair it when it breaks down. The group expressed concern that when sophisticated equipment 
is provided to countries requesting it, care be taken to see that the expertise and material 
resources required to keep it operating effectively also be made available. No one can learn from 
non-operating or non-operable instruments. 


Finally the group considered suggestions as to how the recommendations of this and other 
conferences might be implemented. In addition to the actions which might be taken by national 
and international organizations (as for example, the programme run by the International Centre 
for Theoretical Physics at Trieste), it was proposed that more use be made of communication and 
interactions at what one might call the operating level; in particular, sister-university arrange- 
ments and interactions between individual physicists in different countries. The interactions which 
occurred within the working group itself provided an example of the great usefulness of such 
interactions, and for many group members this constituted a most important aspect of the 
Edinburgh conference. The group believed that such arrangements and interactions should be 
encouraged and facilitated by all countries in the future. 
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A report on the International Conference on the Education of Professional Physicists, London, 
July 15—21, 1965. 
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Strassenburg, A.A. Preparing students for physics-related jobs. Physics Today, New York, vol. 26, no. 10, 
October 1973, p. 23—29. 
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Casimir, H.B.G. Technology for the future. Europhysics News, Geneva, vol. 5, no. 9, September 1974, 
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Lecture given in 1974, at Amsterdam, during the Euro-con congress ‘The engineer in society.’ 
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Kapitza, P. Science teaching and scientific-method. The Physics Teacher, New York, vol. 9, no. 8, 1971, 
p. 429—434. 


Opening address by P. Kapitza delivered at the IUPAP/Unesco International Congress of Physics 
Teachers held at Eger, Hungary in 1970. The sociological aspects of physics education are dealt with. 
Involvement of post-graduate students and scientists in educational activities is proposed in the 
section on ‘Problems of Teaching.’ 


Price, J.E. Acceptability of the Doctor of Arts degree in physics. American Journal of Physics, New York, 
vol. 39, no. 11, 1971, p. 1300—1302. 


Byrd, J.W.; Adler, C.C. A profile of the two-year college physics teacher. American Journal of Physics, 
New York, vol. 39, no. 11, 1971, p. 1302—1306. 


Strassenburg, A.A. College physics teachers preparations — how to do it? American Journal of Physics, 
New York, vol. 39, no. 11, 1971, p. 1307—1310. 
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Physics, New York, vol. 42, no. 5, 1974, p. 384—385—386. 
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Spears, J.; Zollman, D. Orientation for the new teaching assistant — A laboratory based program. 
American Journal of Physics, New York, vol. 42, no. 12, 1974, p. 1062—1066. 
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Jeljutin, V.P. Organizace vyucovaciho procesu a jeho rizeni na vedeckem zaklade (Organization of the 
instruction process and its control on a scientific basis). Czech translation from the Russian. Prague, 
Ministry of Education, 1972, 15p. 


Report presented by the delegation of the U.S.S.R. at the seventh conference of the ministers of 
education of the socialist countries, Prague, 1972. 


Contains results of quantitative studies on various components of the educational process in 
institutions of higher education. No special items on post-graduate education of physicists are 
included, but many facts and ideas are stimulating in respect of possible forms of organization of 
effective education on a large scale. 


International journal of socialist countries Sovremennaia visshaia shkola (Contemporary higher school — 
Contemporary higher education), Warszawa, vol. 1, no. 4, 1973, p. 117—191. 


General survey of the post-graduate education in particular socialist countries. 
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2 Physics curricula and courses 
for physics undergraduates 


This chapter, written originally by P.J. Black, gives an account o. 


y I p ; 1 f physics curricula for courses 
leading to a first degree with physics as the main subject. Information about the structure of 
the curricula, the content, length and arrangement of courses, is given for first degree courses 


in twelve universities in nine different countries. The pattern of employment of graduates in 
these countries is also discussed. A second main section of the paper gives a brief general 
survey of the data and then discusses three main problems — coherence and structure in the 
curriculum, the relationship of employment needs to the aims of the courses and the need 
to reduce the content and level of sophistication of curricula so as to promote better 
education in physics. The final section reports the thoughts expressed by the working group 
in discussion. 


2.1 INTRODUCTION 


This chapter contains three main parts. Section 2.2 presents a factual survey of undergraduate 
curricula. Section 2.3 contains a discussion of some of the issues raised and Section 2.4 gives 
the findings of the working group. The information presented here has been collected by 
correspondence with colleagues in twelve universities and is supplemented by reference to 
published literature. The information selected for presentation has been limited to physics 
courses which form part of a curriculum leading to a degree in which physics forms the sole o 
the major component and is linked to presentation of data about the employment of first degr $ 
graduates. The problems of teaching physics to those not specializing in physics are ignored po 
there is no particular concentration on the basic courses which are often Ae 


co: c taken joi 
specialists and non-specialists or which are taken before decisions to specialize are ade a 
In Section 2.3 the discussion will draw attention to limitations i 
' l of i 
because it is of necessity very general and makes a rat cone 
and teaching work in undergraduate courses, However, some of the 
design are illustrated by the evidence and some of the funda 


E 9 > ment ; ; 
and level of sophistication of first degree courses, are discussed se Sonsentiing the aims 


2.2 A SURVEY OF UNDERGRADUATE CURRICULA 
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2.2.1 Two Universities in the United Kingdom 


Students enter first degree courses at age 18 after rather specialized study in the last two years at 
school during which 50 per cent of their time is devoted to physics and mathematics. Most first 
degree courses take three years, but a student in physics and mathematics is on entry about a year 
ahead of most students entering universities in U.S.A. and Europe. About 15 per cent of physics 
students are women. The curriculum at Birmingham is shown in Table 1. Students choose this 
course if they wish to specialize in physics, but after two years of concentration on physics and 
mathematics they can choose in their third year to broaden their study into other disciplines. 
Tutorial teaching accounts for between 25 per cent (Ist year) and 15 per cent (2nd year) of the 
course hours. 


Table 1 
Curriculum at Birmingham (U.K.) 


Numbers in brackets are hours of teaching 


First Year (440—95%) 


Mathematics (100) Atomic (25) Relativitity (15) 
Laboratory (115) E.M. Fields and Statistics (10) 
Lab. Projects (15) Circuits (50) 
Computing (30) Mechanics (35) 

Optics (35) 
Second Year (435 to 475—95%) 

*Mathematics (20) Waves (15) *Thermal? (40) 
Laboratory (105) *aom.2 (30) P. of M + S.S.P. (35) 
Lab. Projects (95) Atomic | (25) Circuits and Electronics (10) 

*E.M. Theory! (30) 
Options — advanced work in courses marked (*) and/or extra courses in— 
Physics of Music (15) Electron Physics (15) 
Analysis of Materials (15) Low Pressure Gases (15) 


Third Year (435 to 510—100%) 
Laboratory (140) Nuclear? (35) ssp.4 (35) 
Project Lab. + Theory (140) 


Options — one or two from 


Astronomy and Astrophysics (80) 
Theoretical (80) 
Other discipline (Biology, Geophysics, 
Electrical Engineering) (80) 
Advanced topics Nuclear, or S.S.P. or 
Quantum Optics (80) 


Typical Textbooks 

1 Feynman Lectures Il; 

2 Merzbacher, Quantum Mechanics; 
3 Berkeley V, Statistical Physics; 

4 Kittel, Solid State Physics; 

5 Cohen, Nuclear Physics. 
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There are links between courses in any one year e.g. relativity is taught late and builds on 
ideas developed in all four preceding courses in the first year, while second year atomic physics 
uses results of the quantum mechanics. Plans for related courses in successive years (e.g. electro- 
magnetism years | and 2, electric circuits years 1 and 2) are also coordinated. Some features 


(e.g. teaching of wave motion in year 2) are explained by the need to follow a 


ppropriate 
mathematics. 


Year 2 is difficult because most of the fundamental aspects are treated, but this means that 
year 3 can allow wider choice, discuss applications and include sophisticated projects. The course 


is essentially designed to train the specialized professional physicist and about 60 students 
graduate each year. 


The curriculum at Chelsea College, London, is illustrated in Table 2 
this only shows the main aspects of the course taken by at 
physics rather than the single course taken by a whole group. 
of London are that a degree is granted on a minimum of 9 
students pass 11 or 12. The maximum in any one year is 4. 


, but, in contrast to Table 1, 
ypical student specializing in pure 
The general rules of the University 
courses taken and 8 passed: good 


Table 2 
Curriculum at Chelsea, London (U.K.) 


Numbers in brackets are course units 


First Year 

Mathematics (1) Mechanics, Atomic, Nuclear (%) Electricity (%) 
and either Further Maths. or Chemistry or Electronics or Earth Sciences (1 or 1%). 
and optional extras in other science or non-science areas. 


Second Year 
Mathematics (%or1) Electromagnetism (%) Q.M. (%) Thermodynamics (%) 


and one or more of (Mechanics (%) Optics (¥%) S.S.P. (%2) 
(usually four) (Nuclear (%) and Essay + Project (12) 


Third Year 


Best students would take the Applications of Electromagnetism (%) Essa 

first two and five or six more E.M. Theory ('4) Statistical Mechanics (14) Q.M. (%) 

of these courses S.S.P. (%) Vibration P. (%) Optical Systems (%) 
Acoustics (%2) Computers (%) Applied N.P. (%) Further 


Maths. (%) Physical Environment (%) Energy and 
Environment (12) 


y and Project (%) 
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A detailed survey of a few courses is given in Chapter III and Appendices IIIE of the 1966 
Unesco survey [20] whilst a general review of first degree courses in the United Kingdom is 
available [7]. Numbers of entrants have been fluctuating since 1967 without significant increase. 
The main trends, to increase the range of options and of mixed discipline courses, are illustrated, 
in different ways, by the examples discussed above. Data on careers for graduates have been 
presented by Ebison [9]. Of the 2000 who take physics degrees each year, about 30 per cent 
undertake M.Sc. or Ph.D., 15 per cent enter teacher education courses and 45 per cent enter 
employment, most of them in the U.K. Of this latter group, in 1973, 41 per cent were engaged in 
scientific research, development or design, 24 per cent in management, management services or 
general training, 12 per cent in production, buying, marketing and selling and 12 per cent in 
financial, legal and patent work. The proportion of graduates entering M.Sc. or Ph.D. work has 
declined recently and the range of employment undertaken by graduates has expanded; these 
trends are making it essential to consider the value of courses designed primarily for professional 
work in pure physics. 


2.2.2 Two Universities in the United States of America 


Details of the curriculum at four universities in the U.S.A. were given in Chapter III and 
Appendices IIIF of the 1966 Unesco survey [20]. Similar and more recent data for nine 
institutions were surveyed in a set of articles in Physics Today in 1968 [2]. Data on courses in 
two institutions have been collected for this article. These will be presented first and will be 
followed by a more general discussion. 


Most students enter degree courses at age 17 to 18 having completed at least one year of high 
school physics — a substantial fraction having taken P.S.S.C. or Project Physics. About 9 per cent 
of those graduating are women. High School mathematics usually stops short of calculus. Most 
students take four years to complete a first degree. 


` Students specializing in physics at the Massachusetts Institute of Technology have to spend 
about 20 per cent of their total time on humanities courses and about 7 per cent on sciences 
other than physics; they may, in addition, devote about another 15 per cent of the time assigned 
for free ‘electives’ on non-physics courses if they wish. The data in Table 3 do not show any of 
the non-physics work apart from the required minimum of mathematics courses. The basic 
pattern of this course consists of rather general study in the first two years, in each of which 
only about half the time is spent on physics and mathematics, with a more sophisticated course 
for the last two years in which coherence is obtained by the linked sequence of theoretical 
courses together with the required course in quantum physics. 


However, it is possible to obtain a physics degree with a minimum of two options in (say) 
astrophysics and statistical physics in years 3 and 4, so avoiding any mechanics or electro- 
magnetism in those years. There is heavy emphasis on problem-solving, particularly in elementary 
courses, and the class hours quoted for a typical course would be divided into two hours of 
tutorial sessions for every three hours of lectures. There is considerable emphasis on laboratory 
projects. Coordination of physics with mathematics is a major problem and there are plans to 
remedy the absence of required course work in thermodynamics (in physics) by a revised 
statistical physics course. 


Electronics is covered in laboratory and in engineering options. Comparisons with the 1966 
Unesco survey show some alterations (e.g. linking vibrations, waves, optics in one course, 
linking relativity with mechanics, removing heat from elementary courses) but no fundamental 
changes. M.I.T. has about 90 physics graduates in any one year — the largest number for any 
institution in the U.S.A. 
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Table 3 
Curriculum at Massachusetts Institute of Technology 


Numbers in brackets are hours of class teaching 


Year 1. 

Mathematics (120) Mechanics + Relativity | (60) 
Electromagnetism! (60) 

Year 2. 

Mathematics (60) Vibrations, Waves, Optics2 (60) 

Project Laboratory (75) 


Introductory Quantum Physics (60) 
Years 3 and 4. 


Mathematics (120) Quantum P of Atoms and molecules? (60) 
Laboratory (Year 3) (110) Options (minimum 2; most take more) 
Lab. Project (Year 3) (40) Three in Theoretical Physics 
Thesis (usually experimental project in (Advanced Mechanics4 (60), E.M. Theory (60), Statistical 
Year 4) (75—150) Mechanics (60), which form a 3-semester sequence) 
cr (60) Nuclear (60) Plasma (60) Astrophysics (60) and 
others. 


Typical Textbooks 

1 Halliday and Resnick, 
French, Vibrations and Waves. 
Eisberg. . 
Marion and Landau and Lifshitz. 


The curriculum at Ohio State University is surveyed in Table 4. 
university (about 50 000 students), the number enrolled for introdu 
about 2 900 whilst the number completing a first degree in physics in a 
The curriculum shown would be recommended for a student Specializing in physics: for a 
bachelor degree not more than 75 of the total credit hours (between 147 and 195) may be taken 
in any one department. The physics component builds up from a general course in the first year. 
through courses which are phenomenological rather than theoretical in year 2, to linked se aoe 
of courses in the final years. For example Fields and Waves I, II, and IIT deal res eatin] with 
electric fields; magnetic fields, Maxwell’s equations, waves, and special relatii a in 
matter, physical optics. By leaving out the last parts of these linked sequences a oon 
work, time can be made to combine physics with a substantial study of another theme. 


Although this is a large 
ctory physics courses is 
ny one year is about 30. 


completes four open-ended experiments 


hese two examples may give some T 
f f the fla our of the d i 
I Ý s (0) h M T egree courses in the U.S.A., but 


(March 1968) [2] provide evidence 
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Chicago), courses in which the 2 + 2 model is replaced by one year of general physics, followed 
by three years in which each topic is taught once and for all to give a linear rather than spiral 
sequence (Princeton). Each of these patterns illustrates a different response to the curriculum 
problem. -However U.S. colleges and universities also devote much attention to curricula for 
teacher education and for careers other than pure physics and this paper cannot do justice to 
the wide range of these ‘second track’ programmes. 


Table 4 
Curriculum at Ohio State University 


Numbers in brackets are credit hours 
(1 credit hour =1 hour per week for 10 weeks) 


Year 1 
Mathematics (15) *Particles, Motion (5); Waves, Quanta (5) 
*Particle Systems Electrodynamics (5) 
Other, courses (English, Languages, Physical Education, 
Electives) (24) 

Year 2 
Mathematics (10) Gases Liquids Solids” (3), Quantum Phys.2 (3) 
Laboratory (4) Other courses (Chemistry (10) Science Electives (5), Foreign 

Language (10), Biology (5), Other Electives (6 or more)) 
Year 3 
Mathematics (10) Dynamical Models? (4+4); Stat. Mechanics? (4) 
Advanced Lab. (3) Fields and Waves | and 116 (4+4) 
Seminar (1) Other courses (Liberal Arts topics) (20) 
Year 4 
Advanced Lab. (3) Fields and Waves II1® (4) 
Seminar (1) Structure of Matter 1, II, 1117/8 (4+4+4) 
Electronics for Physicists Physics Electives (5) 
(mainly Lab.) (5) Thermodynamics (4) or choice of courses, each of 3 units, in 


Nuclear, Solid State, Plasma, X-ray, Molecular Spectra 
Elementary Particles. 

Other courses (Liberal Arts (14)) 

Other Electives (10) 


Typical Textbooks 


1 aia 
Shortley and Williams, Wast Beneat 
2 Flowers and Mendoza, S.C.E.R.T.., q 


$ Tippler, Date PIM A s 
Symon, Reo: Noe DS as 


5 Sears, Thermodynamics and Statistical Mechanics, 
6 Lorrain and Corson, 
7 Park, Intro. to Quantum Theory, 
Laighton, Principles of Modern Physics. *Plus Associated Laboratory. 
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The employment pattern for first degree graduates in the U.S.A. may be followed in the 
American Institute of Physics Manpower Reports [3] [4]. The number of those specializing in 
physics has fallen steadily from a peak of 6 000 in 1969 to 4700 in 1974 although the number is 
now expected to level out. Of the 1974 graduates about 34 per cent went on to graduate study 
in physics and a further 25 per cent to graduate study in other fields (engineering, medicine and 
astrophysics/astronomy together account for half these). The physics graduate study dipped 
from 55 per cent in 1966/7 to 30 per cent in 1971/2 and has now risen again. Thirty-six per cent 
were going to full-time employment (a proportion which has fluctuated from 22 per cent in 
1966/7 to 40 per cent in 1972/3) and of those about | in 5 was not in employment at the time 
of the survey; the employment situation for graduates has improved steadily from a low point in 
1971. Of those in new employment, 14 per cent were in teaching, 47 per cent in research and 
development or engineering, 10 per cent in computer programming, 4 per cent in management 
training, and a further 7 per cent in some form of skilled work. Only a small proportion (13 per 
cent) of those in employment felt that they were making no use of their physics training, whilst a 
further 44 per cent felt they were making little use of it. 


2.2.3 The University of New South Wales, Australia 


Students enter courses at age 18 after passing a school examination in four subjects, and although 
most can handle calculus on entry their standard in physics is closer to that of students in the 
U.S.A. rather than in England. The physics course in the University of New South Wales requires 
three years for a pass degree and four years for honours. Table 5 outlines the curriculum for a 
four year honours course, and shows that the proportion of time devoted to physics in successive 
years is about 25 per cent, 50 per cent, 100 per cent and 100 per cent. 


Laboratory hours are linked with courses in the first three years and the course hours include 
lectures and tutorials: in the first year there is one tutorial (groups of 16) to every three lectures 
(groups of 150 to 350). In 1973 there were 39 third year and three fourth year students. The 
number in fourth year degree courses in physics for Australia as a whole reached a peak of 169 in 
1967 and was 122 in 1973, whilst corresponding figures for third year courses Sete (in 1968) 
and 387 (1974): detailed figures are in the 1974 article by Watson-Munro [22]. The Colleges of 
Advanced Education also train a significant number of graduates [18]. i 5 


A survey of the Ansa En Department of Labour [6] shows that in 19 
physicists were under 30, 90 per cent were under 50, over 60 i 
(Commonwealth or State) laboratories and another 33 per cent wie ae fi eat SEGT = N 
While the country’s stock of qualified physicists is expected to double in the next eo ‘de very 
few vacancies exist in any of the areas of professional scientific work apart from emule school 
teaching. Very few physicists are employed in industry, and the small size of Avstuitia mowed 
companies, together with the subsidiary nature of research by multi-national compani ae it 
unlikely that demand for physics graduates will grow. The expansion over ap e dead in 
tertiary education and government research is unlikely to continue. Thus for fhe first time 4 
large proportion of physics graduates may have to seek work either in areas where their training 


will not be directly used, or in technical work for which A ian i 
i ! ‘ ustralian industry traditi uses 
engineers and almost no physicists. The University of New South a ipaa 


; i s Wales is trying to respond to 
this problem by creating an industrial stream in the third and fourth year es overapeitte 
with the present course but more involved with industrially usef ; i 


: : ; ul topics both in lectures and in 
laboratory experiments. Many industries have welcomed the plan and have promised cooperation. 


73 half of the country’s 
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Table 5 


Curriculum at the University of New South Wales 


Numbers in brackets are hours of teaching 


Year 1 
Mathematics (140) Mechanics, E and M, D.C. circuits, Physical Optics, Heat, 
Laboratory (25) Modern Physics (112) 
(Higher level course available with A.C. and electronics in 
place of heat and modern physics). 
Other courses Chemistry (168) One other science (168) 
Year 2 
Mathematics (56) Electromagnetism! (42), Quantum Physics? (42) 
Laboratory (for EandM (84) Thermodynamics? and Mechanics” (56) 


and Q.P.) 


Year 3 
Laboratory — on each of 


4 core courses (4 x 42 = 168) 


plus on each elective 
(up to 4 x 56 = 224) 


(Lower level courses available in two of these topics but 
Quantum Physics replaced by Modern Physics”) 

Other courses (Five further units to be chosen from other 
sciences) 


a.m§ (42), E.M. and Statistical Mech. (42) S.S.P. and N.P. 
(42), Atomic P and Spectroscopy (42). And a choice of up 
to 4 options from: Electronics (28) Biophysics (28), Solid 
State devices and Electronics (28), Conceptual framework 


of physics (70 — no lab.), Marine acoustics and seismic 
physics (28). 


Year 4 
Project in research group Atomic and N.P. (26), Q.M. (26), S.S.P. and magnetism (26), 
Seminars and tutorials (56) Statistical P. (26) 


Typical Textbooks 

Carson and Lorrain, 
Eisberg, 
Reif, 
Symon, 
Eisberg, 

6 Schiff 


2.2.4 The University of the West Indies, Jamaica 


Most students enter for a four year course although it is possible to enter at year 2 level (with the 
equivalent of an English entry standard in physics). Full data on non-physics courses and on 
laboratory work are not given in Table 6 but all students are required to pass courses in English, 
Development of Civilization and History of the Caribbean. Of the course hours shown, 1 in every 
6 is a tutorial, the other 5 are lectures. The curriculum in Table 6 is for a ‘general’ degree, taken 
by about 30 students each year. There is also a ‘special’ degree for which some of the second- and 
third-year courses are taken in an earlier year and the students’ third year is devoted to more 
advanced courses (e.g. Quantum Mechanics using Schiff as a textbook): about three students per 
year take this course. 


23 


Physics Teaching 3 


Table 6 , 
Curriculum at the University of the West Indies 


Numbers in brackets are hours of teaching 


Year 1 i 
Introductory courses in Mathematics and Physics 


Year 2 


G | Physics course? using calculus, some emphasis on Rotational Kinematics, Physical Optics, Modern 
enera % 
Physics and A.C. Theory. 


Year 3 


(150) Oscillations, Waves (24) AC. Electronics (24) Modern 
Laboratory Physics (24) Thermodynamics (24) 


plus 3 from a set of 11 Options each of 12 hours. 
Year 4 


Either Physics 11 or 12, 12-hour 


Statistical Mechan 
of 22 options, mai 


eS) 
units, 6 in E.M., .m.4,5.5.p,, Atomic P. 
ics, Optics and the rest chosen from a list 
ny of them on applied topics. 


11 or 12, 12-hour units, 8 of which have to come from one of 
three coh 


erent groups on Electronics, Communications, 
Materials Science or an 11 unit group on Applied Solid State 
Physics. 


or Applied Physics 


Typical Textbooks 

1 Sears and Zemansky, College Physics; 

2 Halliday and Resnick, 

3 Semat and Albright, Atomic and N.P., 
Beiser, Concepts of Modern Physics. 


rainfall of burning of sugar- 
hat it is a difficult and aloof 
& 4 special degree course for the able 
degree curriculum reflects the main 


; x % 5 wa] 
time is Spent on the main theoretica 
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elements of physics than in many of the other Courses report 


2.2.5 The University of Rio Grande do Sul, Brazil 
Students enter a four ye 


place available in physics. 
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ar course 


two semesters each of 15 weeks, 
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Table 7 
Curriculum at the University of Rio Grande do Sul Brazil 
Numbers in brackets are hours of teaching 


Year 1 

Mathematics (180) Introductory Physics! (180) 

Year 2 

Mathematics (180) Introductory Physics (90) 

Computers (90) Mechanics” (120) 

Years 3 and 4 

Laboratory (360) E.M. and Optics? (180), Electronics (90), Thermodynamics 
and Statistical Mech. (120), N.P. (120), S.S.P. (120), 
a.m.4 (180) 


Students are also required to take some options in any other 
University Department. 


Typical Textbooks 

1 Halliday and Resnick, 

2 Kibble, 
Corson and Lorrain, Klein 
Schiff 


There are two main physics courses, one in pure physics and the other for future high school 
teachers: the latter is not presented in Table 7 — it differs in years 3 and 4 by replacing many of 
the physics courses and half of the laboratory work by courses and practical work in educational 
topics. Of the 80 students admitted each year, less than half take pure physics and only 30 to 
40 per cent graduate after four years. There is a trend at present to put more emphasis on 
laboratory training since the courses used to be strongly theoretical. In their'last year, students 
often obtain student fellowships to help in introductory teaching or to take part in research work. 


Nearly all pure physics graduates enter graduate studies for M.Sc. and many go on to Ph.D. 
work. The course is designed exclusively for training future physicists and almost the only 
employment for the graduates is in the university: however, this market will becore saturated. 
All of the courses have extensive and high level content and it is reported that much of this is not 
assimilated by the majority of students. 


2.2.6 Two University Courses in India 


Students enter university courses in India at ages 16/17 after a secondary course in which many 
will have taken about eight subjects in the final secondary examinations. B.Sc. courses take three 
years and students graduate at ages 19/20. The number of women students is between 5 per cent 
and 10 per cent in the two universities discussed below. 


At Aligarh Muslim University, the specialized degree is built up from 120 credits of which 
48 are in physics, 32 in mathematics, 16 in chemistry and 24 in general and compulsory courses. 
Each course is completed within one semester. It can be seen from Table 8 that only in the third 
year is as much as 50 per cent of the total course work devoted to physics. Most courses in the 
last year are primarily designed for students going on to a M.Sc. course. The detailed design of 
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i courses is strongly influenced by the need to link to corresponding mathematics 
the various 


is sai lack of inter-connecting links between 
i tructural weakness is said to be the 
courses. An important s 
the courses. 


Table 8 
Curriculum at Aligarh Muslim University India 


Numbers in brackets are course credits. A Complete course is 
40 credits per year 


Year 1 a) D.C. Circuits (2), Optics (2), Wave Motion (4) 
Laboratory Together with Mathematics and Chemistry 
Year 2 j Heat and Thermodynamics? (4), Physical Optics! (4) Properties 
4 , 
Laboratory ( of Matter (4) 
Together with Mathematics and Chemistry 
Year 3 
Laboratory (4) 


A.C. and Electronics w, Modern Physics? (4), Structure of 
Matter (4), E. and M. (4) 
Together with Mathematics 
Typical Textbooks 
1 Sears, Optics; 
2 Schiff, Q.M.; 
$ Scott, Physics of E. and M. 
Zemansky; Halliday and Resnick for several courses. 


t traction of the time seems to be spent on 
mal teaching | i 
(840 hours), and perhaps for these reasons 


ics i 5 i i » and more sophisticated, 
physics in the course. The course is designed for training the professional physicist i 
gree graduates in India have not been obtained. A 
T graduation about 


i 25 per cent of science graduates 
t or not available for 


per cent in colleges and polytechnics, 

tor work, 12 per cent in private industry and about 
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Table 9 
Curriculum at Jamia Millia, Islamia, India 


Numbers in brackets are approximate total hours per course 


Year 1 

Laboratory (200) Mechanics (30), P. of M. (30), Hydrodynamics (10), Thermal 
Physics (55), Wave Motion (25), Optical Instruments (20), 
Magnetism (20), Electrical Circuits and Measurement (65) 
Together with Mathematics and Chemistry 

Year 2 

Laboratory (200) Thermodynamics (65), Physical Optics (65), E.M. Theory? (35), 
E. and M. Fields? (85) 
Together with Mathematics and Chemistry 

Year 3 

Maths. for Phys. (120) Atomic and Molecular P, (60), S.s.P.° (60) 4 

Lab. with Project (360) A.C. Circuits (40), am. (60), Electronics (60) N.P.* (60), 


Relativity (20) 


Typical Textbooks 

1 Halliday and Resnick; 
Marian, Classical E.M.; 
Dicke and Wittke, Schiff; 

4 Kaplan, Cohen; 
Kittel. 


2.2.7 The University Course in Rabat, Morocco 


Students enter at age 19 after a general school education in which physics will have been studied 
as one of six or more subjects. The course lasts four years, in the first two of which there is a 
common course concentrating on mathematics and physics and (rather less) chemistry. Students 
then choose either physics or chemistry for the last two years. Details are given in Table 10. 


The main problems reported are those of obtaining a more logical cohesion in relating physics 
topics to another and in relating mathematics teaching to the needs of physicists. Of those taking 
a first degree, 75 per cent enter secondary school teaching, 10 per cent enter for M.Sc. or Ph.D. 
work, and 5 per cent enter teacher training courses. 


2.2.8 The University of Paris 


Students enter at age 18, having in their last year at school, spent about 5 of the 30 hours of 
teaching on physics and chemistry and about 9 hours on mathematics. The degree course outlined 
in Table 11 extends over four years, the first two years leading to a national diploma which is a 
prerequisite for the second cycle, a further two years leading to the ‘maitrise de physique’. This 
latter is also a national diploma, and the general structure of the curriculum is nationally 
determined although each institution is free to arrange its teaching within this framework. 
Laboratory work is, in principle, included within each course, as is problem class work. The 
course is designed mainly for professional physicists. There are difficulties in relating with the 
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. Table 10 
Curriculum at the Université Mohammed V. Rabat, Morocco 


Numbers in brackets are hours of teaching 


Year 1 

Mathematics (125) Mechanics and Optics (75) 

Laboratory (40) Atomic Physics (includes chemistry) (30) 
Year 2 

Mathematics (125) E.M. Theory (75), Thermal Physics (50) 
Laboratory (70) 

Year 3 

Mathematics (75) Q.P. and A.P. (80), Mechanics (50) 
Laboratory (70) 


Relativity-Radiation Theory (50) 
+ Lab. on some options Choice from N.P. (70), Electronics (70) or Theory (70) 
Year 4 


Laboratory (70) Statistical Physics and Thermod 
Optics-Molecular P. (80) 


Choice from Same options as for Year 3. 


ynamics (80) 


Theory option Years 3 or 4 includes S.S.P., Elementary Particles and Relativistic Quantum Theory 


required mathematics. Other problems arise be 


cause of the wide range of i : 5 
example, students can enter the second cycle h B options available: for 


courses in France. Data on these are to be found in the 1 
report by Hanle and Scharmann [12]. 


The courses are designe udents may, by specia 
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Table 11 
Curriculum at the University of Paris 


Numbers in brackets are hours of teaching 


Year 1 

Mathematics (200) Mechanics (100), Electricity (50) 
Structure of matter (50), Data Processing (50) 
In addition an option chosen from any field of study from 
physics to Chinese 

Year 2 

Mathematics (100) Q.P. and Thermodynamics (100) or 
Relativity and E.M. (100). Science option (e.g. mathematics, 
electronics, chemistry) (100), Foreign language (100), Non- 
science course (100) 

Year 3 

Mathematics (50) Thermodynamics, Structure of Matter (200), Oscillation, 
Waves, E.M.,! Optics (200) 

Year 4 

Mathematics (50) a.m.2/3 (100), Atomic Physics (50), N.P. (50), Physics 


Options (200) 


Typical Textbooks 

1 Berkeley Vol. 3.; Waves 
Messiah, 
Feynman Vol. 3. 


problems under discussion in Bologna are the need to coordinate courses and avoid repetitions 
and gaps. Students and some teachers are also concerned to discuss social implications of the 
work of physicists. The specializations do not predetermine employment — a graduate in the 
‘physics for teaching’ course is not necessarily preferred for a teaching post over a graduate in one 
of the other two courses. 


A detailed survey of the employment of physics graduates in Italy was published by Focardi 
and Tomasini Grimellini in 1973 [10] and reports data and opinions collected in 1971 from those 
who graduated in physics in Italy in the years 1966—70. The numbers of physics graduates rose 
steadily in this period from 624 in 1967 to 912 in 1970, and responses were obtained from about 
80 per cent. Of these, 29 per cent were in schools, 12 per cent in universities, 13 per cent in 
research institutes, 18 per cent in industry, 7 per cent in other work and 22 per cent unemployed. 
13 per cent of the sample had taken the ‘physics with teaching’ degree and 45 per cent of these 
were teaching whereas 53 per cent had taken applied physics and of these 22 per cent were 
teaching, 24 per cent in industry and 14 per cent in research institutes. The types of industry 
with large proportions of the total of employed graduates were computing (31 per cent), 
electronics (24 per cent), mechanical engineering (14 per cent), and chemical (8 per cent). 
Graduates in industry were mainly employed in technical (55 per cent), research (34 per cent), 
commercial (6 per cent), or administrative (1 per cent) work. Satisfaction with work was highest 
for these in industry, commerce or universities and lowest for those in schools — the main reason 
for dissatisfaction being economic. Thirty per cent were little satisfied or not satisfied with their 
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Table 12 
Curriculum in the University of Bologna, Italy 


Numbers in brackets are total numbers of hours for each course 


Year 1 

Mathematics (120) 
Laboratory (90) 
(50% Formal, 

30% Projects, 

20% Computing) 


General Physics | 1/2 (Mechanics, Thermodynamics) (60) 
Chemistry for physicists (with laboratory (60) 


Year 2 


Mathematics (50) 
Laboratory (90) 
(Optics, Electricity) 


Mechanics (60), General Physics 11/2 
(Optics and E.M.) (90) 


(Competence in two foreign languages required) 


Year 3 
Mathematics for Physics (60) Structure of Matter9/7 (60) 
Laboratory | (90) 


Theoretical Physics 13/4 (60) 
One optional course 
Mechanics, Astrophy 


(Electronics, Circuits, Computers) (60) (N.P., S.S.P., Relativity, Statistical 


sics, Epistemology and Methodology) 
Year 4 


Laboratory II 


Elementary 
(S.S.P. Elem. Particles Data Analysis) 


particles, Quantum electrodynamics (60), Quantum 
Theory of radiati i 


s) 
Typical Textbooks 
1 Feynman Vol. 1, 
2 Berkeley, Physics Course; 
3 Messiah Q.M. 
4 Goldstein Classical Mechanics; 
5 Dirac O.M.; 
6 Born Atomic Physics; 
7 Coulson Valence. 


work, whilst 26 per cent said that in th 


$ e light of their e i i 
different degree: most of these na i eae o cane Mey wished thoy had takend 
done better to take. A fi med either engineering or medicine as courses they would have 


urther enquiry for graduates in the years 1970—74 is due to be published. 
2.2.10 Other Countries 
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2.3 GENERAL CONCLUSIONS 


2.3.1 The survey data 


Differences in terminology and in methods of classifying teaching activities and teaching time 
mean that it is hard to translate information from many countries into the common format that 
is needed for valid comparisons to be possible. Hence any conclusions drawn from the data in 
Section 2.2 must be tentative. Any degree curriculum is partly determined by the constraints 
within which it is constructed: these again are diverse. Some are mentioned in the survey, for 
example, the educational standards of students on entry, the university rules about the proportion 
of time to be spent on specialist subjects and national control of curriculum. Others, such as 
financial and staff resources have not been discussed. 


Even with these reservations it is clear that there are wide divergences between different 
systems. For example, if a total year’s teaching time is reckoned as | unit, then the number of 
units of physics and mathematics in a first degree course can vary from under 2.5 to over 3.5 even 
in courses which are all nominally four year courses for a degree in physics. If numbers of hours 
assigned to physics lecture courses are reckoned, then the total can range from 500 to 1200, 
whilst the time nominally devoted to mathematics can vary from about 100 hours to 400 (in the 
courses displayed in tables) and even to over 900 (in the Moscow State University). Other 
important variables are more difficult to infer from the data, but it is clear that the proportion 
of course time devoted to tutorial or problems work can vary (40 per cent in the early years in 
M.LT. to under 20 per cent in several courses) as can the total time devoted to laboratory work 
(from around 300 hours to over 700 hours). Before making even the most tentative judgements 
on courses it would be essential to know more about the teaching/learning styles (the same hour 
of activity can be classed as lecture in one system and as tutorial in another) and about the range 
and extent of independent learning work by students, which is arguably the most important piece 
of missing evidence. Finally, it would be interesting to relate this range of course inputs to the 
achievements of the students: this would require the collection of data on assessment standards, 
which would be very hard where thesis and oral work is extensively used. 


However, a few simple uses of the data can be suggested. We can each compare our own courses 
and check whether they are untypical in any important respects: if they are it can be.asked how 
the peculiar features are justified, or whether the teaching resources might be re-distributed. A 
second use might be to suggest a uniform code for describing the characteristics of courses in a 
brief form: for example, such a coded description might read as follows — Four year, 2.5 
physics + mathematics, 300 hours mathematics, little free time, 300 hours laboratory all 
structured, low tutorial ratio, few options. A third use might be to serve as a starting point for 
collection of better data, for example, it might be asked whether it would be helpful to have 
comparative data on aspects not reported above or more precise data on those reported 
imperfectly. 


2.3.2 Articulation of Courses 


It comes as no surprise that most of those who kindly sent reports on courses to the author 
referred to the difficulty of relating the mathematics to the physics teaching. However, many 
also referred to concern about relating physics courses to one another. An overall coherence and 
unity in a physics course ought to be perceived by the learner, both because it helps the learning 
of particulars to see them in a general framework and because anyone who has not perceived the 
intricate yet elegant conceptual structure whereby physics is unified will not understand and will 
never fall in love with the subject. 
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2.3.3 Employment 


There are sharp contrasts to be discerned in the relationships of physics curricula to the employ- 
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ment prospects of graduates. In some countries a pure physics course designed for training 
professional research workers may be justified directly by the high proportion of graduates 
proceeding to further degree work in physics. In others, such as the West Indies, there is recognition, 
in both research and teaching programmes, of the need to relate the training of physicists to the 
types of applied physics which may contribute to problems of the country. Some systems have 
broad options to allow an applied bias within professional training but both in these cases (e.g. 
Italy) and in universities which provide only pure physics courses (e.g. some U.K. courses) it 
appears that graduates from pure physics courses can enter a wide variety of employments. 
Finally there are examples where the mismatch between the accepted value of a physics training 
and the employment opportunities is creating or seems likely to create serious problems. 


In many countries, a growth during the sixties in higher education and in pure research may 
have produced expectations which cannot be satisfied and a distribution of resources and talents 
which is no longer viable because the growth has been replaced by decline. In such situations, 
three alternative solutions may be explored. The first, to reduce numbers to match the current 
pattern of demand, does not need discussion, in that it is justified if the other alternatives fail. 
The second is to convince graduates and employers that trained physicists are well equipped for a 
wider range of careers than they have entered in the past. This position is justified by emphasising 
the merits — quantitative thinking, abstract thought, test through experimentation — of the 
intellectual disciplines of physics, and this argument has enough validity to be very attractive to 
the pure physicist seeking to justify the teaching activity for which he feels best equipped. But a 
critical appraisal is needed — for similar arguments were used to justify education in Latin and 
Greek (which were less costly to teach). It may be asked whether the transfer of the physics 
training to non-physics problems will occur, and whether courses in which the same intellectual 
powers could be developed on material directly relevant to subsequent work might have a better 
chance of success. Justification of the physics curriculum in this way may be possible only if that 
curriculum satisfies certain characteristics. For example, the personal qualities, attitudes and 
skills that a course develops are far more important than the completion of any particular 
piece(s) of physics content (see the article by Buley in Jevons and Turner [13]), and a measure 
of success and enjoyment for the average or below-average graduate from the course may be 
n if he is to have any desire to deploy, in a quite new field, the skills learnt in studying 
physics. 


Such arguments lead naturally to the third solution, which is to adapt courses to match 
employment needs. Different types of adaptation are possible. One is to direct attention to 
topics in physics of direct relevance to industrial and social problems. Another is to emphasize 
skills and attitudes in the manner outlined above, which might, for example, lead to greater 
emphasis on task-oriented work and on communication skills. A third type or aspect of 
adaptation is to broaden the studies beyond physics, for example through inter-disciplinary 
work on problems or by inclusion of elements of study in other disciplines, such as social 
sciences and economics, to give a broader preparation for work outside pure research. 


Changes such as these encounter two obstacles. One is that they force physicists to reconsider 
the definitions and boundaries of their subject. They may require physics to be developed as a 
closer neighbour to the various fields of engineering, biology and earth sciences, and institutions 
in which close cooperation and overlap between physics and other courses is easily arranged will 
be able to adapt more readily in this way. The second obstacle is that some of the required 
adaptation may be in deep conflict with the natural tendency of the university physicist to 
concentrate on soluble and well defined problems and to remain enclosed within those narrow 
confines where he has confidence in his own expertise. These tendencies have been elegantly 
analysed in an article by Weinberg [23] who suggests that the ‘task orientation’ that could 
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The problem might arise because the difficulty of being objective about the achievements of 
students is compounded by the ease of judging the status of a course from its list of contents. 
The natural tendency of the able research physicist to over-estimate the learning capacities of his 
students is supported both by the desire of individuals and institutions to maintain appearances, 
and by their pride in the sophistication of their subject. Who would be brave enough to offer a 
course reduced far below the local or national norm and to defend his action by claiming that his 
students were going to learn and understand more physics because of the change? (The students 
might instead devote more of their time to other courses and so do better in them.) Individual 
teachers, and individual institutions which do not have the highest prestige, may find it impossible 
to respond on their own to this problem without grave risk to their reputations. 


It would be wrong to assess this problem simply as one of reducing content. Pippard has 
emphasized that courses should concentrate more on broader applications and implications of 
simpler ideas. Other evidence from tutorial sessions devoted to development of specific skills 
(Black, Griffith and Powell [8]) has shown the need to devote more explicit attention to the 
skills involved in scientific thinking. The introduction of project work into laboratory teaching 
may be justified because project tasks are analogous to the real tasks of an experimental scientist 
and so automatically enhance skills and attitudes which may have been neglected in a ‘teaching’ 
activity which is related to future needs by way of a model of ‘preparation’. It is in fact the 
adequacy of the models of ‘preparation’ or ‘training’ whereby we justify the selection of content 
and activities in our courses, which is being called into question. Reduction in content is not an 
end in itself, and the ends, for which such reduction may be the essential means, need to be 
carefully explored. 


2.4 THE GROUP DISCUSSION 


2.4.1 Difficulties Facing University Physics Courses 


In certain countries, the number of students entering physics programmes has fallen seriously 
below the number of places available. Even where this is not the case, the general impression of 
physicists is that the quality of the students studying physics has fallen in the past few years. 
Good students who might formerly have studied physics appear to be more attracted to fields 
such as medicine, engineering and mathematics. 


Although changes are being made in university teaching, particularly in the content of courses, 
the effect is relatively small and much less well known compared to the reforms of curricula and 
teaching in schools. This may make the transition from school to university more difficult and so 
exacerbate the basic problem, that physics as currently taught in universities is more difficult 
than other subjects. 


The impression of difficulty is one aspect of a generally unattractive image of physics that 
young people have acquired. Physics does not appear to deal with real things which can be seen 
and handled, but rather with abstract entities which are to be ‘learnt about’. Because many of 
their teachers present physics dogma rather than encouraging involvement in physics as an activity, 
teenage students feel that they cannot contribute their own ideas on this subject, at a time when 
they increasingly expect their views to be heard and considered. A study of young people’s views 
(Ahlgren and Walberg [1]) shows that, by comparison with other subjects, physics ranks highly 
in ‘maturity and importance’ but very low in ‘friendliness’. Physicists appear to be impersonal, 
even inhuman. 


Another aspect is the repulsion that many feel at the dominance of society by technology, 
linked to the evils of war, energy wastage, and pollution. Thus the remote abstraction of pure 
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necessarily be matched in a narrow way to the needs of particular occupations. The earlier part 
of this chapter implies that the commonly accepted goal, of training professional physicists for 
further work in a graduate school, might no longer be justified as a primary objective. There was 
emphatic agreement on this point. Moreover, it was argued that even students going on to post- 
graduate academic research would be better served by a broad physics education rather than by 
one narrowly designed for pure research. 


A second possible goal for a degree curriculum is that of providing a general education 
through physics. This has the implication for employment that both graduates and prospective 
employers consider physicists to be well equipped for a wide range of careers. This possibility 
has been discussed earlier in the chapter and apart from the example quoted in 2.4.4 below (the 
Stony Brook course) it is not further developed here. 


However, the third, possible goal requires much more emphasis. This goal is one of training 
physicists who are prepared to use their physics in a wide range of practical applications. Physics 
is the basic science for most scientific and engineering activities and we must emphasize and 
exploit this. This goal is relevant everywhere but has additional force in the developing countries. 
Although many of their industries call for specialized engineering graduates, it is not sufficiently 
recognised that an economy which requires development of simple technology may best be served 
by an ‘engineer’ with a broad grasp of fundamental principles — that is, by a physicist. However, 
to produce such a graduate, curricula must change, and it may only be possible to justify the 
survival of physics programmes if such changes are made. A physics degree can then become, and 
be accepted as, a preparation for a wide range of careers. It could well be that such a curriculum, 
which combines adequate study of physical principles with emphasis on a range of applications, 
is also the optimum way of meeting the second goal — general education through physics — 
mentioned above. 


2.4.4 Changing Courses to Meet new Goals 


Several types of curricula can provide ways of emphasizing the use of physics for a range of 
industrial and social needs. One way is to have a basic curriculum for the first two or three years 
followed by a final year containing options in both pure and applied topics. Another is to provide 
interdisciplinary curricula — a solution which is being explored in many countries and which is 


very relevant to the problems discussed here (although it was excluded from the survey in 
Section 2.2). 


A third type of solution is to construct a curriculum devoted exclusively to Applied Physics. 
One example of such a curriculum, from the South Australian Institute of Technology, was 
discussed. Its structure and content are moderated by a group which includes representatives of 
industry and government. Topics such as electronics, electrical engineering, metallurgy (all taught 
by appropriate specialist departments) and options in such applied areas as X-rays, solid state 
devices and health physics, occupy a substantial fraction of a programme. It nevertheless starts 
with substantial courses in basic mathematics and physics. The study of topics such as quantum 
mechanics is limited to aspects directly relevant to applied physics. The practical work includes a 
project in the final year which is frequently undertaken in industry, hospital or government 
laboratories. The programme is taken by both full-time students and by part-time students in 
other employment. It produces graduates suited mainly to the needs of industry but also to the 
needs of secondary school and technical college teaching. Similar programmes involving more 
extended periods of work in industry, have been developed as ‘sandwich’ courses in the United 
Kingdom and other countries (Bates [7] ). 


A fourth, and rather different approach is the General Degree Programme at Stony Brook 
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2.4.6 People 


All of the above sections state or imply a need to change our own attitudes. The fundamental 
reason for this is that the most effective teaching involves a personal interaction between the 
learner and the teacher. If, and only if, we accept a wider sense of responsibility to the rest of 
society and a deeper concern for personal values, shall we be able to convince students that physics 
is an activity worthy of responsible human beings. This implies that some physicists will have to 
broaden the scope of their work and interests in physics, whilst those who rightly remain 
committed to pure research should respect and encourage this wider contribution. 
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3 New approaches to teaching and learning 
in universities 


This chapter, based on a paper written by M.A. Moreira, is primarily concerned with new teach- 
ing methods in which lectures are replaced by other activities such as small group seminars and 
individualized systems of instruction which are not heavily dependent on hardware. The Keller 
Plan or Personalized System of Instruction (P.S.I.), the audio-tutorial approach to learning, 
modular instruction and small group instruction approaches are described. In the light of these 
approaches, independent study, mastery learning, criterion referenced evaluation, team teaching 
and other current ideas are then discussed. 


3.1 BRIEF DESCRIPTION OF SOME INNOVATIONS 


This section describes some of the innovations increasingly used in the last decade. It should be 
explained at the outset that in spite of the fact that the new approaches tend to de-emphasise 
the use of lectures it is not the purpose of this chapter to deny the value of this type of instruction. 
There is no intention of suggesting that one method is necessarily better than another nor that 
the traditional systems of instruction should be replaced by the new ones. The use of one or 
another system or a combination of them is dependent upon existing conditions and resources, 
cultural aspects, objectives, etc. 


3.1.1 Small Group Instruction 


Small group techniques de-emphasise lecturing on behalf of a greater degree of student partici- 
pation during the classroom period. Different terminologies like ‘small group seminar’, ‘small 
group tutorial’, or ‘small group guided study’ can be found in the literature. The basic idea, 
however, is that the class is divided into small groups and the students play an active role in the 
instructional situation. The size of groups ranges from 4 to 8 students. 


Falk and Wall [7] described one of these techniques where all members of each group were 
prepared to lecture on a given topic. By having each group present its topic to the other groups, 
some involvement of each student with almost all the material was maintained throughout the 
semester. Meetings between the teacher and individual groups were used to keep general control 
over the course, to make sure that the key points were not missed, to help students in more 
difficult sections and so on. 


In another report, Moreira and Costa [16] described the following technique: at the beginning 
of each class, after a brief introduction, the students received a handout containing questions 
and problems to be solved in small groups. A report of each group’s work was due at the end of 
the class lasting two hours. During the class the teacher circulated among the groups guiding their 
work and providing assistance when necessary. 
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explanatory materials if necessary. The student proceeds through the material at the rate, time 
and place he chooses. A proctor is available during class periods for individual assistance. The 
teacher is also available, but to a lesser extent because the ratio students/teacher is usually high 
as compared to the ratio students/proctor which is about 10. 


When the student feels he has mastered the unit objectives, he requests and takes a test on the 
unit. The test is immediately evaluated by a proctor in the presence of the student. 


Sometimes the evaluation is made by the teacher, but he usually acts indirectly providing 
answer sheets to the proctors and scheduling meetings to discuss the unit-tests with them. On the 
unit-test the student is required to show that he has mastered the objectives of the unit, i.e., he 
is required to answer correctly all items (some teachers require only 80 or 90 per cent). If the 
student passes the test he receives the study guide of the next unit and is encouraged to proceed. 
If he does not successfully complete the test, he is encouraged to restudy the unit and take 
another test on the same unit. No matter how many times a student is required to retake a unit, 
there is no penalty. 


The way of assigning the final grades differs widely. One possibility is to give an A grade to all 
students who complete all the units and give other grades as a function of the number of 
completed units. Sometimes final exams are also used, but usually they do not have a discriminant 
weight in the final grade. : 


Some lectures are given during the course for students who have completed a certain number 
of units and are qualified to understand the material to be covered. However, attendance is not 
required and the lecture material is not included on the unit-tests. Laboratory work can be either 
part of a unit or an independent unit. 


Answering end-of-course questionnaires, a great majority of the students say they have 
enjoyed the course, they would like to take another PSI course and they would recommend PSI 
courses to their friends. They also say they have worked harder and feel they ‘have learned 
more’. Comparisons between PSI and lecture methods in terms of achievement in final exams and 
retention -tests suggest that PSI is at least as effective as conventional approaches. The personal 
interaction among student, proctors and teachers is usually emphasized in PSI course reports. 


3.1.3 The Audio-Tutorial Approach to Learning (AT) 


Basically, in the AT system a wide variety of learning experiences is provided in an integrated 
form and the student’s activity in these learning experiences is guided by audio-tapes. Originally 
the system included three major types of study sessions (Postlethwait, Novak and Murray) [21]: 


(a) Independent study session (ISS). Weekly AT programmes are organized in a learning centre 
equipped with carrels for individual study. Each student can pace his study proceeding 
independently through the material to achieve the stated objectives for the week. 


(b) General assembly session (GAS). Lectures, special films, major exams or other large group 
activities scheduled on a weekly basis. 


(c) Integrated quiz session (IQS). A small group session, scheduled to meet weekly for one 
half-hour, involving eight students and an instructor. For this session each student is 
expected to prepare a little lecture about the material studied in the ISS. 


At present the AT approach is closely identified with a learning centre where the student can 
work individually, stopping at any point in the programme to use additional resources such as 
supplemental texts and discussions with the instructor on duty or with peers. The basic equipment 
ofa carrel is a tape recorder (which may be an inexpensive cassette type) with headphones, a slide 
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projector and materials (laboratory equipment, for example) appropriate for the subject being 
studied. If possible, film-loop projectors should also be available. Even closed-circuit TV and 
computer terminals may be used in a sophisticated AT learning centre. 


In spite of being developed independently, AT and PSI can be c 
Physics Department of Cornell University [ 
mastery-based PSI type of evaluation is bein 
Students study the units in a large learning 
available simultaneously. Videotaped lecture 
Unit-tests are taken in a testing centre. 


ombined. For example, in the 
18] an AT approach entirely self-paced, using 4 
g used to run a large introductory physics course. 
centre where the materials of different units are 
s are available upon request from the students. 


Evaluations of the AT approach also show a high degree of student satisfaction an enhance- 
ment of personal interaction and an effectiveness, in terms of achievement, at least equal to the 
conventional. approaches. The AT system can also be used (as well as PSI) in conjunction with 
mini-courses or modular units. 


3.1.4 Modular Instruction (Modules) 


A module may be defined simply as ‘a self-contained ar 
primary focus on a few well-defined objectives’ [5 Jy 
‘audio-tutorial packages’, ‘mini-courses’, ‘conceptop 
modules. 


nd independent unit of instruction with a 
: L Y 3 , 
Learning packages’, ‘instructional packages ; 
aks’ are some of the other names given to 


In general, the components of a typical module [5] are: 


(a) Statement of purpose (rationale): description of the purpose of t 


(b) Desirable prerequisite skills: if particu 


he package. 
lar skills are 1 a fa 
module, they should be stated explicitly. heeded before the beginning O 


(c) Instructional objectives: they describe what th arne er 
completing the module. e learner should be able to do aft 


(d) ieee ee ce determine whether or not the student is prepared to undertake 
e module. Outstanding per indi 2 
module. g performance may indicate that the student need not take the 


e ardem eis ett oe activities and instructions so that the learner can 
y complete the module. Thes iviti i iti ings 

listening, viewing, etc. Different learni i gr tt or ccd o provid 

the learner with an Opportunity to fo 
Evaluatio - 

(f) n post ex of the learner’s accomplishments. 


instructional possibilities 
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to provide information. To be able to understand these programmes the student must study the 
module up to a specified point. After the television programme, the student works again on the 
materials of the module. The modules are sent to the students when they are due (it is not a 
mastery-based system). There is a degree of self-pacing, but the television programmes do not 
permit complete self-pacing. 


The use of these new approaches or any combination of them is dependent, among other 
factors, on the objectives of the course. A good example is the approach described by Jafri, Ali 
and Ahmed [11]. A combination of lectures, small group discussions (both with and without the 
teacher) and individual work was used to provide the students with an opportunity to learn by 
themselves and for themselves, to work on divergent solutions for unstructured situations and to 
develop creativity. 


3.1.5 Concentrated Study 


Another example that may be mentioned is the so called ‘concentrated study’ [20]. In this 
approach, which basically consists of full-time study of a single subject for a short period 
(e.g. 4 weeks) with no concurrent academic commitments, a wide range of activities is programmed 
to achieve well defined objectives. It should be noted that a similar method obtains in Swedish 
University courses. 


3.2 EMERGING PATTERNS 


3.2.1 Individualized Instruction — Independent Study 


Individualization of instruction, in a broad sense, is the general tendency. Even the small-group 
approach tends to individualize instruction if compared with large-group instruction and can be 
interpreted as a link between these two instructional modes. This tendency leads to a student 
centred process in which students have greater freedom to proceed at their own pace and choose 
learning activities compatible with their learning styles. At the same time the materials provided 
give the student greater guidance through his study of the subject matter, and offer the oppor- 
tunity of independent study to a wider spectrum of students than hitherto. 


3.2.2 Objectives, Mastery Learning, Criterion Referenced Evaluation 


Clearly stated objectives specifying what the student is expected to do, under what conditions 
and to what level of performance, are a necessary component of study guides and modules. Usually 
these objectives are associated with the basic assumption that, with necessary learning conditions, 
they can be mastered by all students. Mastery learning [4] is naturally associated with individualized 
instruction. In a PSI course, for example, the student can retake a unit-test as many times as 
necessary to master the content of the unit at the level specified by the unit objectives. Student 
evaluation in mastery learning practices is criterion referenced (the objectives establish the 
criteria) whereas traditional instruction is norm referenced. In the first case the student is 
essentially in competition with himself to achieve the objectives, whereas in the second case he is 
in competition with the others to obtain a position on a normal curve. 


3.2.3 Personal Interaction, Student Cooperation, Different Type of Student-Staff Relation 


An enhancement of personal interaction is usually reported in individualized or small-group 
courses. Student cooperation and peer-teaching are a natural consequence of small-group 
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arrangements, of the use of proctors and of the simple fact that students are not in competition 
against each other, since criterion referenced evaluation is used. As the new approaches move 
toward individualized instruction, the pattern in student-staff relations moves from teacher- 
dominated activities to student-centred activities with various forms of student 
[19]. As a consequence, the student 
enhanced at this level too. 


-staff cooperation 
-staff relation is quite informal and personal interaction is 


3.2.4 The Role of the Teacher, Team Teaching 


As lecturing is strongly de-emphasized, the role of the teacher necessarily changes. He now 
defines objectives, designs and prepares instructional materials, provides individual assistance, 
monitors students’ progress, gives occasional lectures, encour. 
formance, evaluates the system, etc. This is enhanced by teac 
a quite common approach in elementary and secondary schools, is now being used at college level 
to handle large individualized courses. Basically, the idea is that two or more teachers share the 
instructional and administrative activities of a course in such a way that teachers as a team plan, 
conduct and evaluate the course for all students. 


ages the students for good per- 
her cooperation. Team teaching, 


The general tendencies identified above are shown schematically in Fig. 1. 


Team Teaching 
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Fig. 1 — Evolving pattern in instructional approaches at university level. 
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3.3 SOME PROBLEMS AND CHALLENGES 


The problems found in the implementation of these new approaches can be tentatively divided 
into two broad categories: (1) Administrative and logistic problems; (2) Instructional and 
learning problems. Some of the problems that can be listed in the first category are: 


Cost. In a PSI course, for example, payment of proctors and a large amount of printed 
materials may significantly increase a course’s budget. In an AT or Modular approach a sub- 
stantial amount of money must be invested to implement and maintain the system. 


Lack of teachers and/or assistants (proctors). Usually these are problems related to the cost, 
but they may also reflect a lack of prepared manpower. This problem makes difficult the 
implementation of an individualized system of instruction. Small-scale trials, however, may be 
used to train persons for a future use of the new system on a larger scale. 


Course management. Records must be kept, printed materials must be prepared, revised and 
organized, laboratory equipment must be ready to be used at any time, proctor’s work must be 
supervised, schedules must be organized, etc. 


Resistance to innovation. This may come from various sources: an administration that is not 
receptive to changes in established teaching and grading policies, faculty members who see 
innovations as some kind of future pressure to change their teaching methods, students with 
outstanding performances in traditional courses who, under new formats, see everyone being able 
to obtain an A, etc. 


In the category of instructional and learning problems the following may be included (not 
necessarily ranked): 


Staff. First of all, the success of the new approaches is heavily dependent on the quality of the 
instructional materials prepared by teachers (this preparation is extremely time consuming 
and requires expertise in educational technology). The degree of involvement of the teacher is 
also a fundamental variable. Another danger is to increase the ratio students/teacher in such a 
way that the course is ultimately under the proctor’s responsibility. As far as proctors are 
concerned, particularly when a large number is necessary, problems arise in respect of recruitment 
and training. The success of a PSI course, for example, relies to a large extent on the proctor’s 
performance and this depends not only on his degree of mastery of the content but also on his 
ability to establish personal relations. 


Student dependency. The student may develop an attitude which makes him unable to study 
without receiving detailed instructions to follow. However, if the study guides are carefully 
prepared and the instructions change as the student progresses in the course, a high degree of 
independence in learning may be generated instead of dependency. 


Automation may be an undesirable effect when individualized approaches are used with a 
large number of students. The use of technological devices in education increases the possibility 
of automation. Modules, AT programmes, computer assisted instruction, etc., tend to mechanize 
instruction when used with many students. But how can automation be avoided if hundreds and 
hundreds of individuals must be effectively educated? It seems that some sort of compromise 
between the use of technology and human interaction in the educational process must be 
established in order to achieve efficiency. g 


Many control rules must be established when the number of students is too large (e.g. 300 
students) and this contributes to mechanizing the course and making it less pleasant. 


Procrastination and high number of withdrawals. As the students may proceed at their own 
pace, some of them tend to procrastinate and, eventually, withdraw. Establishing deadlines for 
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finishing units-is one type of solution used. How 
Furthermore, these problems may be more re 
ability to self-pace. Too long or too difficult study units 
influencing procrastination. 


Incompleted units. If asyllabus is determined by outside factors such as external examinations, 


Tequirements of subsequent courses, etc., the possibility of units not being completed by the 
students must be taken into account in assessing th : 


Cheating and memorized answers [I5] may occur This t i 
ae . ype of student attitude may be- 
related to programming, l.e., it may be fostered by poorly designed instructional materials. It is 
rarely necessary to have computer generated tests to Overcome the cheating problem 
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d very early stage of the implementation of 
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the innovation is very important to foster further cooperation and involvement when the 
new system is applied on a larger scale. 


Gii) Direct teacher participation is fundamental. The teacher must interact with the students 
or groups in the classroom (study hall), laboratory or learning centre, at least during the 
periods of time officially assigned to the course. He should also evaluate some unit-tests, 
but he should not act permanently as a proctor because he will lose his mobility. This 
direct participation has a positive effect on students’ attitudes and provides a direct and 
constant measure of the development of the course. 


(iv) Finally, a suggestion about the instructional materials: if they are designed to be used 
individually they should really attempt to accommodate the range of individual 
differences. Just dividing the textbook into units (usually corresponding to chapters) and 
writing uniform study guides usually results in a linear sequence implicitly directed to an 
average student who is also the target of a conventional lecture approach. In such a case 
the affective response of the students may be favourable (a positive attitude toward the 
course) but the cognitive achievement is likely to be no better than that achieved in a 
conventional format. 


Procrastination, a high number of withdrawals and cribbing may be a result of such type of 
linearity and uniformity in the programme. Students differ in their cognitive structures, skills and 
learning styles. A rigid sequence of units with the same learning activities in each step, will be 
adequate only to some students and will generate different reactions from the others. Rote 
learning and lack of content integration may also be consequences of a bad programme. Branch 
structure of units could help to solve this problem [6]. 
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4 The role of experimental work 
in physics education 


This chapter is concerned with experimental work in physics courses at all levels, It is based on 
an original paper written by J.A. Eades for the Edinburgh conference and on discussions in the 
working group concerned with this topic at the conference. 


4.1 INTRODUCTION 


Physics is an experimental science and practical work should tl 
in the teaching of physics at all levels. There are perhaps three principal aims in laboratory work 
at school level: first to help students to come to a better understanding of the concepts, 
secondly to help students to appreciate the way in which many concepts and theories are 
dependent on the results of experimental work, and thirdly to convey certain experimental 
skills, which will include the design of experiments, measurement techniques, the analysis of 
data and the interpretation of results. In addition the laboratory is also a good place to pursue 
some of the more general aims of education — to develop creativity, autonomy and self- 
confidence, and also to heighten interest and enjoyment. 


herefore play an important role 


4.2 EXPERIMENTAL WORK IN THE EARLY YEARS 


At the most elementary levels there should be numerous opportunities for children to handle 
materials themselves, to experiment and to observe. They should have the Opportunity to 
comment freely on physical phenomena without being expected to arrive at some pre-conceived 
answer. Precise instructions do not encourage that spirit of enquiry which should be fostered 
when a child first experiences new phenomena. The carefully executed demonstration may do 
much to enhance the reputation of the teacher, but it does not necessarily encourage that 
familiarity which everyone would like their pupils to have. The oft quoted “Hear and forget, 


see and remember, do and understand” is widely accepted as the ideal in the early stages of 
learning physics. 


The working group at the conference felt strongly that in these early stages experiences and 
experiments should be closely integrated with the development of concepts. This integration 
ee less important as the student matures and as his familiarity with physics increases. At all 
imes the physics course should be seen as a unity even if, for administrative or pedagogical 
convenience, it is presented as a number of subject areas. 
wae ae that there is a need to increase respect for manual activity. The 
manual work and this should b 
in non-industrial countries, the 


Te is a lack of experience or familiarity with materials, tools and 
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equipment of all kinds and this is especially true among girls. To a large extent the early years of 
physics teaching can provide the experience that is lacking in the home. To help with this, we 
should encourage the provision of low cost scientific and technologically based toys and 
construction kits. A fostering of extra curricular activities related to science and technology 
would also broaden the experience of young people, and this is discussed in detail in Chapter 18. 


There is an unfortunate tendency to equate educational merit with complexity of equipment. 
This can only be overcome by careful attention to the objective of experimental work and to 
careful preparation of teachers so that they can appreciate the role of observation and analysis 
irrespective of the sophistication of the equipment. It will be necessary to explain the value of 
using simple equipment rather than expensive alternatives. Good teaching proceeds from the 
familiar to the unfamiliar: we are encouraged by the leaders of society to make our teaching 
relevant. Both of these criteria can be met by more reliance on familiar materials and problems. 


4.3 EXPERIMENTAL WORK IN THE UPPER SECONDARY SCHOOL 


Although many of the principles mentioned above will apply throughout all levels of a secondary 
school, there may be a need for some more sophisticated equipment in the later years of school 
work. Such apparatus can play an important role, especially when it is multi-purpose, provided 
that it is reliable and does not involve high operational cost and that technical assistance is 
available to keep it in use. Special teacher training may be necessary on the use and maintenance 
of apparatus. Workshop training should be an integral part of teacher training. 


The objects of experimental work at this stage remain much the same as in the earlier years. 
Primarily it should help students towards the better understanding of physical concepts, but 
there is scope for developing further experimental skills. 


Written instructions have to be detailed for less experienced students, but they should not 
assume or predict observations or indicate conclusions. Copious use of drawings, photographs 
and audio-visual techniques can enhance and simplify such instructions. 


Much time is often spent on sterile writing of laboratory reports by students. The working 
group agreed that if the activity is simple and provided for experience only, laborious accounts of 
procedure are superfluous. What should be encouraged is the accurate recording of data, analysis 
and discussion of results, descriptions of difficulties identified and how they were tackled. 


The allocation of time for laboratory and theoretical work will have to be made by the designer 
of a course. The time for individual experiments and activities may range from a few minutes to 
many hours. In some courses project work, which may involve a student or a group of students 
for several weeks, is playing an important role. The other thing that is clear is that there is general 
agreement that experimental work should be a substantial element in all physics courses. When 
assessing students, adequate weight should be given to achievement in laboratory work, and the 
actual method and weighting of the assessment should be conveyed to the students. 


4.4 EXPERIMENTAL WORK IN UNIVERSITIES 


The traditional laboratory course still exists, indeed it is still very widespread. It is built around a 
set of rigid experiments designed to ‘prove’ or ‘illustrate’ the principle phenomena of physics 
These should properly be called ‘demonstrations’ rather than experiments. That such laborat i 
courses are still so common in universities is much to be regretted as they not only fail to oe 
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the students but positively corrupt them into a false view of science. However, in the last fifteen 

ears there has been a powerful movement away from this kind o 
of courses much more emphasis is placed on the process of scie 
content of the experiment. 


f work. In a growing proportion 
ntific investigation than on the 


The spread of objectives appropriate to laborator 
pursue all of them in a particular course and some se 
often this selection is not made consciously as it shor 
in different countries will make different selections, it follows that there are many different kinds 
of laboratory course designed to fulfil different objectives and in consequence comparative 
evaluation of laboratory courses is not usually Possible. Many of the objectives associated with 
laboratory work, especially those which are educational rather than scientific, are of a nebulous’ 
kind and there does not exist any useful way of evaluating whether they have been achieved. 


Thus personal convictions, based on the experience of the teachers, play a very much larger role 
in laboratory work than in theoretical courses. 


y work is so wide that it is not possible to 
lection must be made. Unfortunately all too 
uld be, but by default. Since different people 


Although some laboratory work may be directed towa 
of physics, for example electronics, in general relative 
universities to specific experimental skills in physics te 
teaching of other sciences. 


rds particular skills in certain branches 
ly less importance is now attached in 
aching than perhaps is the case in the 


Where a laboratory brings together staff (who have experience in research) and students in a 
low student to staff ratio (10 to 1 say), the structure within which they work is relatively 
unimportant provided the staff are reasonably enthusiastic and actually work with the students. 
What is important is that staff and student see each other at work. Unfortunately this situation 
is rare. Universities where physics is taught as a service subject, for example to medical or 
engineering students, have sometimes had several hundred students for each staff member 
working in the laboratory (aided by teaching assistants who are also students). A large part of 
physics teaching throughout the world is done under conditions which make the teaching of 
experimental physics through staff-student contact quite impossible. 


4.4.1 Trends in universities 


As physics advances and the equipment required for resear 
tendency to introduce more advanced equipment into te 
later years of university courses. This trend towards incorp 
frontiers of knowledge only a short time before serves tw 
of the equipment and the topicality of the experiment s 
the teaching laboratory becomes much more like a research laboratory. This latter is a controversial 
point since it can be argued that the similarity is misleading and that students using simple 
equipment come closer to working like research physicists si 

they are doing, and thus the opposite trend also exi 
equipment to reveal and explore a wide range of phe 
above in the school context. 


ch becomes more complex, there is a 
aching laboratories, especially in the 
orating experiments which were at the 
o purposes. First, both the complexity 
timulate student interest and, second, 


se simpler 


nomena, as has already been mentioned 


Another trend is towards greater flexibilit 
the rooms, the apparatus and the instrumen 
in single experiments. 


y in the laboratories t 


l hemselves. The organization of 
ts are designed to be 


used in many ways rather than 


In a growing number of laboratories there has been a radical change from the ‘cook-book’ 
approach. Detailed instructions for an experiment leave the student little freedom and can even 
anticipate the result. Mostly motivated t 


€ interest, a whole series of laboratory 
styles have been developed and some w i 
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attempt to encourage students to make their own decisions about experimental work. 


The open laboratory. .As its name implies, such a laboratory is open and available to the 
students at all times of the day (within limits) when they wish to work in it. In some, the student 
is offered a choice of experiment and goals, and this develops a sense of responsibility and control 
over his activities. 


The self-paced laboratory. As yet there have been few attempts to establish personalized 
systems of instruction (PSI) or Keller-plan courses of laboratory work. (The general nature of 
PSI is discussed in Chapter 3.) However some theoretical courses which have laboratory work 
associated with them use PSI for laboratory sessions as well. 


The instrumented laboratory. In the open laboratory the student will have to make wide 
ranging decisions about planning when to work and what to do. In the instrumented laboratory 
the decisions are much more part of the experiments themselves. There is available a wide range 
of general purpose equipment and instruments, such as might be found in a research laboratory. 
The student is asked to make measurements or investigate a phenomena without being given an 
indication of the experimental method to be used. He must improvise with the available apparatus. 


The divergent laboratory. This offers the student the possibility of commitment and choice 
during the experiments by making each experiment a changing experience. The initial part of an 
experiment is well defined both in method and in what is to be measured. Various ways in which 
the exploration may be extended are then offered and the student chooses both his own goals 
and his own methods for the extension. 


Project work. The innovations just described attempt to increase the student’s freedom and 
hence his development as an investigator. The logical extension is project work, which is already 
spreading rapidly in schools. This involves students in a single piece of research of much greater 
scope than a normal student experiment. They are required to be more mature and much more 
complete experimentalists. The experiment undertaken is usually chosen to meet two criteria: 
the .problem is reasonably simple and the result is unknown. There can be little doubt that a 
project is a very good way of ending a student’s course. It allows the student to bring together 
the separate elements of technique and method which he has learned and to apply them in a 
context which is interesting in itself and reveals a synthesis of what physics is about. 


4.4.2 Assessment 


Experimental work must be assessed, both for feedback and in order to grade students, and 
laboratory work should be given a weighting commensurate with its importance. Four general 
methods are used: (1) continuous assessment of a student’s work, (2) assessment of written 
reports, (3) written examinations, (4) practical examinations. As each of these is useful in 
evaluating different aspects of student work, it is likely that some combination of them would 
give the best results. 


4.4.3 Proposals for Change in University Laboratory Work 


It is obviously important that any designer of a course should first be clear as to the objectives 
of his course. It will normally be a mistake to arrange a course in which each activity is structured 
in the same way. A course which does not consider how a variety of experiments can best meet 
its objectives will be failing to make the most of its resources. BS 


In universities it has been common to separate teaching into three distinc 


: t , 
laboratory work and tutorials (or some other group activity). Recently ther regen. 


e has been more 
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integration and it is to be hoped that the full variety of experimental activities will be incorporated 
into the spectrum of teaching methods available. 


It is recommended that more should be done to enrich staff-student contact wherever possible, 


that special attention be paid to objectives in experimental work and that the barrier between 
laboratory work and lectures should be eroded. 


There is a great need for research on many aspects of experimental work in physics education 
at all levels. 


4.5 BIBLIOGRAPHY 


l1. Beun, J.A. Experiences with a Free Underg: 
(1971). 


2. Chambers, R.G. Laboratory Teaching in the United Kingdom. New Trends in Physics Teaching, vol. I 
Unesco 1970. , 


raduate Laboratory. American Journal of Physics, 39, 1353 


3. Crane, H.R. Experiments in Teaching Captives, American Journal of Physics, vol. 34 


, 1966, p. 799-807. 
Dixon, B. What are the Guideposts for an Effective College Physics Laboratory? Science Education, 53 
33 (1969). » 3, 


Discusses the various balances among competing goals and procedures in the laboratory, 


Dowdeswell, W.H. Teaching Through Projects, School Science Review, vol. 51, 1969, no. 174, p. 169—172. 
6. Dwyer, Bro. L. The ‘How’ of Lab. Physics Teacher, 11, 425 (1973). 


Examines the results of voluntary grouping of high school physics students in laboratory work. About 
ten per cent prefer to work alone, some in pairs and others in larger groups. Differences in learning are 
discussed. 


7. Ferreyra, R. Laboratory Experiments and Other Activities in a Multi 


-Media Approach to the Teachi 
Physics. New Trends in Physics Teaching, vol. II, Unesco 1970 (p pr ing of 


- 197—219). 

Professor Rafael Ferreyra from the University of Cordoba discusses the results of follow-up work and 
some trials in Argentina and Bolivia, based on the course materials designed and developed by the 
Unesco Pilot Project on the Teaching of Physics in Latin America. 


8. Finegold, L. and Hartley, C.L. An Experiment on Ex 


periments in a Senior Laboratory. American Journal 
of Physics, 40, 28 (1972). š 


Two new ‘experiments’ were introduced into a senior laboratory course: one to design but not to per- 
form an ambitious experiment, the other to select a simple experiment and assemble equipment to carry 
it out. Some comparisons are made between the performance and attitudes of students who did these 
experiments with those who did only the regular experiments in the course. 


9. Flansburg, L. Teaching Objectives for a Liberal Arts Physics Laboratory. American Journal of Physics, 40, 
1607 (1972), 


A listing of objectives and examples that ‘provide a rationally sound basis for the selection of laboratory 
content, and . . . are stated in a form that is currently being accepted by administrators and accounta- 
bility experts’. No trial of the ideas contained is reported. 


10. mee and Giffen, W.C. Term Projects in the Introductory Physics Lab. Physics Teacher, 10, 86 


Reports on a four-term trial of an innovation in the laboratory for a one 
for non-s 


cience majors. Approx. 100 students did experimental projects of 
faculty counselling to get all st 


assistant needed). Li 


-year college physics course 
their own devising. Sufficient 
udents started early is essential (two faculty members and one student 


worihwiile’, st of typical term projects. Students strongly agreed that the ‘term project was 
. Harding, A.G. The Project: i 2 2 2 os . 
Li wae 1973, No. ArT enw as a learning situation. British Journal of Educational Technology, 


56 


ER 
14. 


16. 


19. 


20. 


23; 


Experimental work 


Hill, D.R. Post O-level project work in physics. School Science Review, 51, 176, (1970). 


The introduction of the ‘open ended’ experimental investigation presents special problems for the 
teacher of sixth form groups. The article analyses the factors involved in the mounting of short projects 
which may assist in the initiation of such work. 


King, J.G. On Physics Project Laboratories. New Trends in Physics Teaching, vol. Il, Unesco, 1970. 


Lesniewski, Cz. Rola doswiadczen, demonstracji, pokazow i cwiczen laboratory-jnych w nauczaniu fizyki. 
Fizyka w Szkole, nr 5, 1970, Poland. 


Role of experiments, demonstrations and laboratory exercises in physics teaching. 


Lewis J.L. Aids in Science Teaching. Science and Education in Developing States, Praeger Publishers, 
New York 1971. 


A discussion of the role of the laboratory in a physics course at the secondary level, consideration of 
apparatus, textbooks, teachers’ guides, films, television and school broadcasting. 


Lewis, J.L. (ed). Teaching School Physics, Unesco-Penguin, Harmondsworth, U.K. 1972. 


A Unesco source book on the teaching of physics at the secondary level, produced in association with 
the teaching commission of IUPAP. Contains several chapters on teaching with reference to practical 
work and details on physics apparatus (p. 171—190) and physics laboratories (p. 191—213). 


Menzie, J.C. The Lost arts of Experimental Investigation. American Journal of Physics, 38, 1121, (1970). 


History and philosophy of the introductory physics laboratory in the USA. Listing of primary and 
secondary goals for the beginning laboratory. 


Mihm, R.J. Laboratory Experiences: An Approach to Teaching Physics. Physics Teacher, 8, 309 (1970). 


Describes a no-lecture high school physics course based on ‘laboratory experiences, coupled with 
dialogues between students and the instructor’. Fifty six experiments are listed, done by pairs of 
students; weekly examinations are also done by the pair, who discuss the result with the instructor. 
Discusses physical plant, usefulness of computer, and evaluation; course enrollment has increased from 
25 to 120 in six years. 


Panaiot, L. and Petrescu-Prahova, M. Dezvoltarea gindirii stiintifice prin activitatea experimentala a elevului 
la fizica. Revista de pedagogie, 20, (10) 1971. Romania. 


Devloping the pupils’ scientific thinking through experimental activity in physics. 


Prescott, J.R. and Anger, C.D. Removing the ‘Cook Book’ from Freshman Physics Laboratories. American 
Journal of Physics, 38, 58, 1970. 


Detailed laboratory instructions in an introductory physics course for physics majors are replaced by 
a series of questions concerning design execution, and interpretation of the experiments. Frequent 
reference is made to earlier experiments. Significant time must be spent training graduate teaching 
assignments in the method. Several kinds of evaluation are made of the four-year experience. 


Shonle, J.I. A Progress Report on Open-Ended Laboratories. American Journal of Physics, 38, 450 (1970). 


Reports a three-semester trial of an open-end laboratory given to second-semester students in a three- 
semester introductory physics sequence. (No lab in first semester). A preliminary specified experimental 
exercise with each piece of equipment is followed by a chance for the student to formulate his ‘own 
hypothesis’ about the phenomena measured by the equipment; a hypothesis which can then be tested 
(after clearing it with the instructor). Twenty four students per section is an upper limit. Rather careful 
evaluation. 


Sneider, C. A Laboratory and Discussion Approach to High School Science Teaching. Physics Teacher, 
vol. 9, 1971, p. 20—24. 


Varga, L. Experiments, made by pupils in teaching Physics. Publishing House for Text-books, Budapest, 
Hungary, 1972, p. 234. ` 


The author had carried on research work for several years in order to determine the most effective 
working process for pupils’ experiments and their ẹducational influence. In his book he sums up his 
most important basic conclusions and practical suggestions. In the first part there is an account of the 
experiments, done by the pupils. In the following parts he deals with questions of principle, practical 


57 


Physics Teaching 3 


problems (personal and objective conditions, the form of work, etc.) and educational aspects. In the 
last chapter concrete proposals can be found. 


24. Group for Research and Innovation in Higher Education. Studies in Laboratory Innovation: A set of case 
studies and commentary. The Nuffield Foundation, 1975, 70 Pp- 


A set of case studies sponsored by the Nuffield Foundation. Outsiders visited fiv 


e different university 
laboratories (in the U.K.) and wrote critical reports of what they found. 


58 


5 From school to higher education 


This chapter discusses the consequences of the boundary between the secondary and tertiary 
parts of education in a variety of countries and the nature of the move from school to 
university in several aspects. It is argued that the relation between school and university is a 
complex social whole, at least as far as physics is concerned. This edited chapter is based on 
an initial paper by J.M. Ogborn, modified by the discussion of the working group concerned. 


5.1 SELECTION 


It is easy to see a discussion of the change from school to higher education as simply a practical 
debate; an account of difficulties and problems experienced in many countries. But it soon 
becomes clear that the matter goes much deeper. Indeed, if we pursue it far enough, we find 
answers reflecting on the very fabric of society. Many will not wish to go so far, but even they 
have to recognise that the nature of the problems reflects deep seated social structures and values. 
Dealing with the problems may involve changing those structures or values. 


It happens that these influences are particularly clearly exposed to view when we look at the 
transition of students from school to higher education, at the awarding of high school diplomas, 
at the way students are selected, and at the arguments that surround these events. We find large 
differences between countries, as well as many similarities, and these comparisons often have to 
do with social phenomena — not least, because universities in some countries openly confer 
potential social power — economic and personal — on those .who gain their degrees. The 
competition to enter university (or other forms of higher education) reflects the way we control 
the distribution of this power. 


At all events, schools and universities do differ from one another. About this nobody would 
disagree. Indeed, like most distinct but related social institutions, both are at some pains to 
emphasize the differences between each other. The university teacher is often to be found 
explaining to students that the university is not like school in one respect or another. When we 
discuss the problems involved in going from school to university, therefore, we are discussing a 
gap between institutions that is not wholly an accident of organization, but at least in part a gap 
which is deliberately maintained. 


All social groups feel this need for self definition, and achieve it by differentiating themselves 
from other groups. Historians contrast themselves with geographers — book-keepers with 
labourers — ‘professional people’ from others. And the closer the resemblance, the more detailed 
is the description of the difference! 


Some of the problems then for a student going from school to university are those of going 
from one well defined social context to another context which tends to stress its different 
character. But we are discussing institutions that are in many ways similar, so that they strongly 
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emphasize relatively subtle differences between each other. Doctors and dentists, barristers and 
solicitors, novelists and playwrights, or painters and carpenters, all present similar phenomena. 
The problems of moving from one institution to a radically. different one — from school to 
work, for example — are very different. 


Most of the relevant distinctions are obvious enough. Schools are centres of teaching; 
universities are centres of learning. Knowledge is passed on in school, but is sought out in the 
university. Schools are for ‘children’; universities for ‘adults’. People matter in school, ideas 
matter at university. Help is pressed upon one at school; at university, help must be sought or be 
found in oneself. At school ignorance or confusion is more likely to be thought the fault of the 
teacher, but at university the fault of the student. Schools are (relativ 
is (relatively) optional. Universities are selective, schools are less sel 
of as a right, university as a privilege. 


ely) compulsory, university 
ective. Schooling is thought 


None of these distinctions is absolute, but each indicates a dimension along which there is 
some difference, and a difference likely to be emphasized by those on either side of the 
institutional divide. Nor need we fall into the sociological error of supposing that to describe is 
to offer a critique; the differences may be differences that it is important to maintain. On the 
other hand, we have to accept that the moment of transition is a social fact, which is independent 
of the individual student’s intellectual or emotional development. In certain respects, the 
differences may act so as to further that development, but in some cases the individual student 


may not be ready for the social quantum jump he is asked to make at a time not of his own 
choosing. 


Social facts have a way of seeming inevitable and necessar 
Here it is necessary to get outside so as to be able to see t 
part of this chapter, therefore, we shall contrast aspects o 
in several countries: Brazil, Hungary, India, Spain, England and Wales, together with some 
remarks about other countries. The populations and the per capita income of these countries 
„differ by at least an order of magnitude; racial and religious difficulties appear in very different 
ways; and expectations of students for the future differ no less. These differences are important 
but equally important are the similarities. i 


y within any one social environment. 
he situation for what it is. In the next 
f the move from school to university 


One similarity is that the actual process of selection is spread over a much longer time than it 
appears to be when we think of a selection examination. In many countries there has appeared 
some sort of ‘buffer zone’, some intermediate stage, between school and university. In Spain and 
India there are pre-university courses to orient students towards the university. In Spain they are 
taken at school, in India at university. In France the propeudeutic examination at university 
used (before 1968) in effect to select those who would continue. Similarly in many countries the 
first year of university is a year of selection with many students dropping out. This is found not 
only in several European countries, but also for example in Honduras, where the drop-out in 
physics may reach 50 per cent. In Brazil, there is both a very selective entry examination and 
high rate of drop-out. In England and Wales, the sixth form (twelfth and thirteenth years of 
schooling, ages 16—18) serves as a buffer course, but one taken at school. It is no surprise to 
find that the work done and the degree of specialization involved are in some ways comparable 
to what is done in the first year of the bachelo 
in the United States. Correspondingly we find i 
would be a matter of 


y concern, not something e 
a French, Swiss or Hond : 


orm study on the basis of examination results. In the United 
‘buffer zone’ function. However, there 
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is an important difference. In the United States, as also in Australia, some education beyond 
school is thought of as normal for a very substantial fraction of the school population. Higher 
education becomes, as does secondary education in many other countries, a social if not a legal 
compulsion for many students. This may make a large difference as it alters the basis on which 
students have enrolled; it may be less a wish to learn and more a social requirement. By contrast 
in developing countries, entry to tertiary education may be restricted to only a small fraction of 
those who qualify. In Kenya in 1975, places could be found for only 1500 students out of 5000 
with the necessary qualifications. Such differences alter the situation radically. In the U.K. and in 
several other industrialized countries, universities compete with each other for physics students, 
instead of students competing with each other to enter university. Rather few countries have 
developed alternative structures to give another opportunity to those who miss the chance at the 
age which society determines for them, although the Open University in the U.K. is one such. 
Certainly there exist various kinds of tertiary education (technical colleges, teachers’ colleges and 
the like) but such is the need for institutions to define differences between each other that it is 
no surprise to find that these alternatives become ranked in a rigid ladder of esteem. Such effects 
could easily frustrate the intentions of those who would like to see created a whole continuum 
of institutions of tertiary education. 


Countries differ in the degree of selection for university and in the rewards that are offered by 
going to university. Brazil is an extreme example. E.W. Hamburger {16] wrote in 1970: 


“Brazil was known a short time ago as the country of carnival, the country of football and the 
country of happy indolence. But today a traveller who arrives at our shores in the months of 
November, December, January or February will find that Brazil is in fact the country of 
competition for university entrance (vestibular). Newspapers, radio and television — all the 
media of communication — are at the service of the examination; mock examinations, 
registration instructions, times and places of examinations, names of successful candidates, 
interviews with examiners, teachers and students, computer print-out of results and finally, 
advertisement after advertisement for cramming courses. Carnival takes second place, football 
is forgotten; the talk is all of the examination. It looks like collective madness. The families of 
candidates anxiously follow every turn in the drama. The candidates take benzedrine; they 
study all day and all night; they suffer nervous breakdowns; and as a rule they take several 
examinations in every kind of university, so as to be sure of a place.” ` 


In India, the competition for places can be as intense. But before making comparisons with 
other countries it is important to remember that it is only the richer countries which can 
afford to pay students to go to university by giving grants. In England and Wales, for example, 
any student admitted to university can rely on a grant if it is necessary. In India however there 
are very few scholarships which bring money with them and the great majority of students have 
to be supported by their families, find work, or both. Inevitably this reduces the number of 
young people who are able in practice to aspire to higher education and in one sense this reduces 
competition. 


The rigour of selection has its effect on schools. In Brazil, not only do schools feel bound to 
focus much of their work on the entrance examination, but there is also a large system of private 
cramming courses designed expressly and exclusively for that purpose. The rich can better afford 
these cramming courses than the poor, with the result that the free universities and the private 
universities both give preference to the rich, in the first case through the very system that was 
supposed to give a fair chance to all. 


Where selection is intense, as in developing countries, or where large numbers are involved, as 
in highly developed countries, the pressures of fairness and administrative convenience can turn 
selection into a mechanical, ‘objective’ process taken out of the hands of teachers. The evidence 
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that no ‘fair? system has yet been found is overwhelming, and many find the impersonality of 
mechanical processes offensive. It might be argued that selection using recommendations from 
schools supported by interviews, while no more just, would at least bring the injustice into the 
open where it belongs. And it could have a healthy influence on the style in which physics is 
taught. 


Methods of selection can not only influence the style of teaching in schools, but also the whole 
curriculum. For example, in England and Wales, until well after the Second World War there were 
relatively few English university places. A large expansion has recently taken place, but the 
educational system still bears the marks of the previous scarcity. A university could afford to 
demand very high standards on entry and this enabled them to reach a high standard of degree 
work in a Bachelor’s course lasting only three years. Schools had to respond’ by giving a very 
intensive, specialized course (normally only three subjects are taken) in the last few years of 
schooling. So it came about that English schools had a more specialized curriculum and English 
universities a shorter course than can be found in almost any other country. By contrast, the 
Spanish or French university course lasts longer and students study a wider range of subjects at 
school. It is presumably no accident that after the recent expansion of university places in 
England, serious thought is now being given to the widening of the curriculum in English schools. 
An English student, however, can still be fairly certain of getting some kind of degree once 
admitted. The numbers dropping out or failing are very small compared to other countries. Here 


we have an effect of the very selective system, together with the placing of the ‘buffer zone’ in 
the schools, not in the universities. 


The idea that schools ‘lay down the foundations’ of a subject, or that previous courses in 
physics are a necessary pre-requisite for further study may in part be an unconscious message 
transmitted by the selection system. Departments of linguistics or philosophy (to name only two) 
admit students with no previous knowledge of the subject because most students have not so far 
studied it. (These subjects even become thought of as especially belonging to the university level 
although clearly they need not be and in some countries are not.) In the U.S.A. it is relatively 
easy to start physics late and in Denmark, for example, it is possible to begin university physics 
having studied the classics at school. One university in England and Wales offers a four year course 
in which the first year is common to all students and choices are only made after that year. It 
must be said that science loses more than it gains as a result. 


5.2 THE SOCIETY OF THE UNIVERSITY 


The large and prestigious Indian universities, despite the size of the country, are national rather 
than local, so that students may travel a thousand kilometres or more to attend them. In India, a 
country containing a large variety of distinct cultures, the change in social milieu that such a 
student can face is large: different food, dress, customs and language, not to mention religion. 


The differences may be as marked as if a Swedish student travelled to Italy or to Spain for his 
bia education. Many more Indian students, of course, attend a university or college nearer 
PA one conimst with other countries can only increase our respect for the tolerance and 
drawka Selene elo It is still of interest to note that, while most Spanish universities 
a thadition followin: ee the surrounding region, English universities may frequently not do so, 
amongst universities Ta arch, period of few places and a fairly well recognised ‘pecking order’ 
a change in the Ee aa as in many developing countries, the problems are compounded by 
instraction is n A a tion. University teaching is normally in English, while school 
of great importance in such e local language. This problem, while one not common elsewhere, is 

uch countries. Would English students take well to university courses in 
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French or in Latin? Brazil is also large and has diverse cultures and so may be fortunate in having 
adopted the language of those who colonized the country. 


In considering the effects of moving into a new society, we should not ignore the importance 
of the size of the university. A large English university of 10 000 students looks small by 
comparison with typical Spanish, French, American, Brazilian or Indian universities. Differences 
in social roles are considerable. French students, for example, live very much in the society of 
the city as well as in that of the university. They have to find food, accommodation and perhaps 
work for themselves: being a student is not too unlike any other kind of work. It is not uncommon 
for a Brazilian undergraduate to teach in high school by day and study physics at night or vice 
versa. At the opposite extreme, the English university likes to see itself as a small closed society, 
protective of its students. Such differences could hardly fail to affect the maturity and self- 
reliance of students. In the universities in large cities, especially in the developed world, student 
commuters are common. One may doubt whether they benefit as much as they might from the 
society of the university. On the other hand, many Indian students live at home, and it is less 
clear that one can assume that a break with home is desirable for them. Not least amongst the 
changes from school to university are changes in teaching style, in relationships between teachers 
and students and in attitude to learning. As in most educational institutions, classes are large in 
size at entry and diminish in size in later years so that a student goes from the smallest class with 
the most individual attention in one institution (the school), to the largest class in the next 
institution. It is not surprising that Carolyn Miller in her study of a Scottish university finds that 
confidence is a central issue in the feelings of the first year student. An important change here is 
the change in attitude of teachers; significantly they are often not even called ‘teachers’ at 
university. To go from school to university is to go to a place where not being able to understand, 
not learning, is now seen as more the fault of the student than that of the teacher. Of course, it is 
recognised that there are idle students at school and bad teachers at university. But it is still the 
case that at school the teacher tries to make the student learn, while at university the teacher 
more nearly permits him or her to learn. 


Both sides could perhaps help here. The school could help by encouraging more independence 
and ability to learn by oneself. This is easy to say but hard to do, particularly in many less 
developed countries where more of what is taught seems alien to students and respect for 
authority runs high. Developed countries could much more easily make efforts in this direction 
(as in the Nuffield Advanced Physics Course in the United Kingdom). The university could help 
by looking for more ways of giving students quick and effective information about the standard 
of their work. It is possibly here that the increasing popular Personalized System of Instruction 
(PSI) or Keller Plan [11] [14] [15] may have some value, just because rapid and extensive feed- 
back is built into it. It must be recognised however that methods other than mass lectures are 
hard to manage and expensive to run when classes are large. PSI has been used with large classes, 
notably in Brazil, but the problems are considerable. 


Some countries have universities which can afford to provide personal tuition, this tradition 
being strong in England and Wales, where tutorial groups of four are common and ‘groups’ of one 
are not unknown. In India problem or recitation classes may run from 30 to 60. Brazil is not 
much more fortunate and such teaching tends to be at the initiative of the teacher, not something 
built into the organized teaching programme. Work in small groups is done in Spanish and French 
universities, but is less common and less institutionalized than in England. If group teaching could 
be made more flexible, easier for tutors to manage and more useful to students [1] [4] [42] it 
might have special value in the first year, so that students could do more physics in a setting less 
anonymous than the lecture hall and less isolated than the study or library table. 
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5.3 KNOWLEDGE 


We now turn to what many will consider the central issue. Do students know enough when they 
arrive at a university? If not, what can be done about it? 


Universities can find themselves in a trap. Physics departments need students in order to live. 
If students go elsewhere, they must take worse students or contract all their activities. At the 
same time they must at least seem to maintain the standard of the degree. It is no surprise then 


to find heated arguments about whether the secondary schools have adequately prepared students 
and to find a tendency to suspect that they have not done so. 


The worries about what students coming to university do not know are of several kinds: that 
they do not know enough; that they do not understand what they know; that they do not 
understand what physics is and how it works; and that they are unable to learn effectively by 
themselves. Developing countries stress the problems of a lack of independence of thought, of an 
unquestioning attitude and of a lack of skill with apparatus. The lack of apparatus in schools is 
the obvious reason for this last and is the easiest to see how to remedy in principle, if not in 
practice. An unquestioning attitude may have social origins: on the one hand physics in text- 
books and examinations reflects in its examples and language a remote or even alien culture; on 
the other, there is the dire necessity of succeeding in the learning process if the student is to 
escape from life-long poverty. By comparison, the worries universities in developed countries have 
about students’ lack of knowledge or differences in their knowledge may seem parochial. When 
students know almost nothing, it is idle to complain and differences vanish. When students can 


scarcely do arithmetic or write a description of an experiment, one can be sure they do not 
understand potential difference. 


When the wave of curriculum renewal began two decades ago in the English-speaking 
countries attention was given to the way in which students seemed to have learned large numbers 
of facts, unrelated by a deeper understanding of ideas or by an appreciation of their significance 
in scientific argument. New curricula in physics were devised which gave less attention to factual 
detail and more to concepts and ideas [35]. Later curriculum development has paid more 
attention to the methods of physics and to its history (for example, Project Physics). It has also 


encouraged independence and the ability to learn from books and discussion (for example, 
Nuffield Advanced Physics). 


It would be facile, however, to blame modern trends in science teaching for a deficiency, real 
or imagined, in the amount of knowledge students have. Few such new programmes yet affect 
more than 10—20 per cent of the relevant population in the schools and those familiar with 
schools will testify that, despite many large changes, physics teaching very often looks to the 
impartial observer much as it always did. Other changes, notably the continual expansion of 


secondary and of university education in very many countries, may have produced no less 
noticeable effects. 


In England and Wales, one response to such worries has been the Nuffield Foundation 
ee Physics Interface Project in which six British physics departments participate [43], 
aoe Lied (one of several in a wave of curriculum development at university level) is 
resulting difficult e paps in the knowledge students bring with them to university and the 
dinwtiostic ee a o gouine coherent first-year courses. The project is trying to devise 
thought that, if Wee | erials to help students overcome some common deficiencies. It might be 
ten examination boar oe ponien, it is a peculiarly English one produced by the existence of 
studies by the Poa. ~ ee its own syllabus instead of one national examination. However, 
factors: (e inteme ggest that more important than syllabus differences are two other 

“pretation teachers put on the syllabus (using past examination papers) and, 
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related to this, the way teachers and students ‘play the system’, taking calculated risks in 
omitting sections of the syllabus which they take to have relatively low priority in the examiners’ 
minds. If the project is right in this diagnosis, it could have implications for other countries in 
which there are strongly selective university entrance examinations. 


In countries such as the U.S.A. or Australia, where higher education is more nearly universal, 
it is the university which has to make provision for what the student does not know, rather than 
the student being expected to repair gaps in his knowledge on his own. 


In India, as in many other developing countries, there is another set of problems. Lack of 
competence in English (the medium of instruction) worries many students and sometimes 
teachers themselves do not command the language well enough to use it really effectively in 
teaching. Social tensions are not unknown and financial problems are manifest. Books are costly, 
those by Western authors being hard to understand and those by Indian authors being few in 
number. The most popular forms of book are in question and answer form, containing nothing 
but previous examination questions and answers to them. The reaction to such books is ambiguous; 
they are felt to be deplorable in many ways, but they are also felt to suit the Indian student. 
Students able to repeat back large amounts of memorized information are common. They are to 
some extent rewarded by the system of teaching and — having regard to traditional Indian 
values — are treated with more respect than scorn. 


By contrast, in English-speaking countries the expansion of university education, changes in 
the curriculum and (in some cases) changes in the organization of secondary education have 
caused fears that things of value in the older curriculum may be lost. Teachers are perhaps now 
more inclined to worry about whether their students will be as good as they were and about 
whether the good ones will know as much as good students used to. The added variety amongst 
curricula is a further worry, making it seem harder to plan introductory courses. There is also a 
small but persistent worry that schools, in making physics more stimulating, may have taken 


away from universities some of the more interesting topics, leaving them with more dull material 
to teach. 


In university thinking about teaching there is a tension between two opposite views: firstly 
that physics is physics and has got to be learned whether students like it or not if standards are 
to be maintained; and secondly the need to attract students in a market which at best fluctuates 
and at worst declines steadily. Some resolution of this internal conflict might help, perhaps if 
physics teaching were thought of as a means to education rather than as the acquisition of a body 
of material in which students must necessarily be instructed. 


A comparison of Hungary with these other countries throws into relief some of the underlying 
problems. The number of places is decided centrally in line with employment planning (explicitly 
instead of indirectly as in many other countries) so reducing inter-university competition for 
students, though the competition for places is intense. The university system is seen as a part ofa 
planned social system: university education is free for the five per cent or so who gain admission, 
but is not a right. (By contrast, in France the cost is also low, but large numbers of students 
enter and are later filtered out.) In Hungary the drop-out rate in the first years is essentially zero. 
Students are reported to be glad of the chance to be at university and to be correspondingly 
diligent. 


Social facts are highly relevant to the comparison. Whereas in Brazil, the possession of a degree 
may improve later salary prospects by as much as a factor of five, in Hungary a Reader may expect 
to earn about the same as a bus driver. Paradoxically this may reinforce rather than diminish the 
strong preference for university courses shown by parents of children in educated families: it is 
they who are well enough aware of the arguments to encourage their children to try hard when 
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the advantage to be gained is access to more interesting work rather than to higher incomes. 
Hungary has found it necessary to give some preference to children of less educated families in its 
selection system. In this we see an effect which, sadly, appears to be general. All over the world 
the more educated families seem to be more successful in getting education for their children 
than are less educated families. 


Like many comparable countries, Hungary has a long tradition of respect for knowledge. There 
a university teacher is likely to regard it as his duty to help students and to suppose that their 
ignorance is not so much their fault as his, a feeling connected with the place of the university 
in a socialist society. 


The selection system reflects the value system. In Hungary, 
independence and creativity are valued ina physicist. For Indians, as fo 
countries, entry to university is seen simply as entry to employment 


with small scale industry, 


r others in many developing 
» SO that even courses (often 
on. Yet again, where the 


case of the 11— 
A-level project), 
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Hopes for a reform of the school curriculum via control of the vestibular (university entrance 
test) once ran high in Brazil. Little was achieved, though reports suggest that the changes 
concentrated wrongly on improving the technical quality of the questions rather than their 
nature. 


In the Netherlands, changes in university curricula have been ascribed to structural reform of 
the university system rather than to a need to rethink education at this level. And it is notable 
that in England and Wales, a debate over the last ten years about reform of what is the most 
specialized system of pre-university education in the world has been almost wholly independent 
of curricular reform. 


Another relevant facet is the structure of the national education system. Like many other 
countries, France, the Netherlands and Hungary have centralized systems. In such a system it is 
possible to reform by decree. Paradoxically this may make reform much more difficult. There 
have been cases where it seemed unreasonable to educational administrators to allow a pilot trial 
on a small scale in the interests of uniformity. They required reforms to be implemented wholly 
or not at all and this imposes a limit on how radical the reforms can be. An essential right, the 
right to be wrong, has been taken away. Here the Anglo-Saxon countries have been fortunate in 
their relaxed empiricism: change in a marketplace educational system is tolerated. But the 
consequence is that the influence of change is automatically limited. Instead of reacting to change 
in the schools, universities cautiously wait and see whether the changes will spread or gradually 
be forgotten. In the meantime, conservative (or if you prefer, conservationist) forces operate to 
limit change. In so far as university courses do not change, school teachers feel bound to reduce 
the level of innovation in the school course out of fairness to students. In more centrally organized 
systems, wholesale change can be decreed on paper. Problems of the dissemination of curricula 
are outside the scope of this chapter, except that we should note that in many cases the decree 
has not been matched by the huge scale of teacher retraining that is needed (or the scale has been 
underestimated) so that change has again been self-limiting. The consequence is that in both 
types of system changes are slow in real terms with a tendency to backlash in centrally organized 
systems. It follows that universities have as yet relatively little to react to as regards changes in 
ba school physics curriculum. They hear of changes, but the students look much the same as 

efore. 


In passing we may note that in country after country university teachers do not in general seem 
to know very much about what has changed in the school curriculum. We need not assume idle- 
ness or indifference as an explanation. It is enough that education is complex, that a curriculum 
is not to be defined in a few lines of syllabus and that there is no channel for complex information 
to flow along. There is none of that seeing which might lead to understanding, let alone believing. 


Relatively small countries, in which we can include some but not all developing countries, have 
the advantage in that communication is potentially easier. Good liaison, for example, occurs in 
Sweden, in Scotland and in Northern Ireland. 


What do we see when looking at students going from school to tertiary education? To begin 
with we see students confronting a selection system, not always for the first time, but one of the 
most rigorous they have met. In some countries they are competing for social advantage. In many 
countries they meet for the first time a part of the education system which tries to prevent a 
substantial fraction from entering it, a system with a strong idea about who is suitable to profit 
from its services. 


The competition for places is defined in terms of knowledge of subjects rather than, for 
example, of wide reading or creative flair. The means used to examine that knowledge have a 
powerful backlash effect on the teaching leading to it. More personal, more flexible means 
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of selection are needed, not least because they would expose injustice at the point where it was 
occurring. It is not enough, however, to abolish external entrance examinations. Experience in 


Canada and Australia suggests that special examinations set by all kinds of bodies spring up in 
their place. 


In those countries which have experienced the recent wave of curriculum change, curriculum 
projects have tended to challenge the definition of physics held by the university, though often in 
response to a feeling from universities that the system has too frequently produced students with 
much information, but with no view of physics and little of the intellectual skill physics might be 
hoped to encourage. Such a diagnosis still persists in many countries in which the school 
curriculum has remained stable. Where changes have been made, 


universities become worried 
that valuable features of the status quo might be lost. 


Universities are anxious about numbers as well as about st 
physics is less and less popular, while in developing countries 
numbers in very large classes. With the increased demand for 
to move closer to Newman’s idea of a university, “An alma 
one, not a mint, nor a foundry, nor a treadmill”. 


andards. In the developed world, 
they have to cope with very large 
higher education efforts are needed 
mater, knowing her children one by 


Universities need to develop more their ability to res 
to what students know. Here diagnosis of students’ difficulties is an important tool and there is 
need for greater flow of information between secondary and higher education. Workshop meetings 
between teachers from school and teachers from higher education can help, especially if they lead 
to changes in the university curriculum. 


pond to students, to match courses better 


Ultimately higher education is responsible for the standar 
teachers learn what physics is at college and the selection sy 
is taught. Nowhere is this clearer than in newly independ 
their own school systems. In such countries universities hav 


d of physics education in schools: the 
stem affects what is taught and how it 
ent countries which have to build up 
€ a duty to the school curriculum. 

No longer is it the case that higher education means only one thing — the university. Varieties 
of higher education have developed and their further development is to be encouraged. Not only 
do we need a variety of kinds of institution, but also variety within institutions. We need a variety 
of courses and more important still a variety of routes through higher education. Students should 
have opportunities to enter having previously done other subjects, to change their interests and 
to withdraw temporarily to return later. Each of us learns throughout his or her life and 
knowledge certified by diplomas or degrees ought not to be restricted to a particular phase of life. 


Ultimately both schools and universities have to resolve (or at least to see clearly) the conflict 
between education as conservation and preservation, and as development and change. Education 
recreates knowledge in new generations. It also recreates social patterns in new generations and 
Some of them ought not to be preserved. On the other hand it can generate change; it can 
encourage people who can make new knowledge and people who can make new societies. 


5.5 SELECT BIBLIOGRAPHY 


1. Barbenza, G.H., Mi i ici 
BRAS, 356 STD. A teaching strategy to develop physicist’s skills early. American Journal of 
Trial in Argentina ofa 


programme to 
first year students at univ z develo 


ity p confidence, interest, critical thinking and creativity in 


68 


10. 


13. 


14. 


School to higher education 


Bednarik, M., Siroka, M. Contribution to the objectivisation of entrance examinations in Physics at the 
faculty of natural sciences, Palacky University, Olomouc. Acta Universitatis Palackianae Olomucensis, 
Physics XI 1972. 


Illustrative of the concern for quality in entrance tests. 


Bernstein, B. On the classification and framing of educational knowledge, in Young, M.F.D. (ed) Knowledge 
and control Collier-Macmillan 1971. 


A sociological contribution to understanding why subject boundaries exist in education. 


Black, P.J., Griffith, J.A.R., Powell, W.B. (1974). ‘Skill Sessions’ Physics Education vol. 9, No. 1, January 
1974, p. 18—22. 


Black, P.J., Ogborn, J.M. The higher education learning project (physics) Physics Education vol. 8, 1973. 


Discusses the proposed development of ideas for improving the quality of interaction between teachers 
and students at University. 


Black, P.J., Ogborn, J.M. The Nuffield physicist in the university. Physics Education vol. 7, February 1972, 
p. 66. 


Outlines for university teachers problems and possibilities following the introduction of the Nuffield 
16—18 course in schools. 


Bourdieu, P. Systems of education and systems of thought. In: Young, M.F.D. (ed) Knowledge and 
control Collier-Macmillan 1971. 


Brown, S.C., Clarke, N. The education of a physicist Oliver and Boyd, 1966. 
Many viewpoints distinctively held by university teachers are reflected in this volume. 
Buvari, A. Fetishised solving of problems and its physical essence. Fiz Szem 19, 371—374, 1969. 
Illustrative of the kind of concern which has led to curriculum change. 
Dubin, R., Traveggia, T.C. The teaching-learning paradox University of Oregon Press 1968. 


Reviews 40 years of research comparing teaching methods. Result: there are no differences that 
amount to anything. A book to depress those who believe in education as neutral technique; to please 
those who do not hold with new fangled nonsense; and to make the rest of us wonder what we do 
believe in. 


Friedman, C.P. A model for improving advanced courses in physics, A merican Journal of Physics, vol. 40, 
1602 (1972), 


Discusses use of self-study (Keller Plan) for improving the nature of the course and work done. 
Geller, Z. Le programme de Rehovot: retrospective et avenir. Methodica 1974, University of Tel Aviv. 
Review of a major curriculum development in Israel. 
Gillon, P., Gillon, H. (eds). Science and education in developing states Praeger Publishers NY 1971. 


Illustrates the analysis of deficiencies of school teaching in terms of too narrow a perspective. Looks 
at Asia, Africa and Latin America. 


Green, B.A., Jr. Physics teaching by the Keller Plan at MIT. American Journal of Physics vol. 39, 764, 
(1971). 


Describes the Keller Plan self-study method in physics. 
Green, B.A., Jr. Is the Keller plan catching on too fast? J. Coll. Sci. Teach vol. 1, 50, (1972). 
Discusses problems with self-paced study. 


Hamburger, E.W. O exame vestibular e os desajustes do sistema de ensino (The university entrance examina- 
tion and its effect on the education system) Cienca e Cultrua vol. 22, No. 2, 1970, p. 223—228. 


Discusses the nature of the Brazilian university entrance examination, and its far reaching influence on 
the curriculum, on teaching methods etc. 


69 


Physics Teaching 3 


IF; 


18. 


20. 


21. 


22. 


24, 


24. 


25. 


26. 


27. 


28. 
29. 
30. 


31. 


32. 


33. 


34. 


35. 
36. 


70 


Havelka, B. Non-traditional Physics teaching in optics and mechanics. Nove pojeti vyucovani fyzice na 
gymnasiu, Sbornik referatu a sdeleni prednesenych na konferenci v Luhacovicich 1971 J.C.M.F. 1971. 


The article is an example of pressure for courses which stress comprehensive insights rather than 
details. 


Holton, G. Issues for the Seventies. Physics Teacher vol. 8, 229 (1970). 
Looks at relations between schools and universities. 

Jafri, A.V. (ed). Creativity Newsletter Physics Department, Aligarh Muslim University, Aligarh U.P., India. 
Reports attempts to teach physics at university so as to encourage creativity and independence, 


Jonker, C.C. Stand van de natuurkunde aan de universiteiten N.T.v.N. 37, 216 (Situation of physics at 
universities). Responses to structural change in university education. 


Kaspar, E. Contemporary problems of secondary and technical schools. Sbornik vybranych stati z vedecke 
konference matematico fyzicalni, University Karlova, Praha 1972, 


Reports use of methods stimulating participation and activity at Karlove university. 

Kaspar, E. The modernisation of school physics-illusion or reality? Pokroky M.F.A, 1972, vol. XVII, no. 4. 
Illustrative of the debate about changes in the curriculum. 

Lewis, J.L. (ed). Teaching school physics Penguin/Unesco 1972, 
See especially chapter on evaluation and examinations, 


Mackenzie, N., Eraut, M. (eds). Teaching and learning: an introduction to new me. 
higher education, Unesco 1970, Emphasis on education as technology. 


McFarlane, J.C. First year physics at four universities in New South Wales — a summary. Australian 
Physicist, vol. 6, 74, (1969). Data relevant to change in co 


urses, 
Menzie, J.C. The lost art of ex 
Traces the origin of the c 


thods and resources in 


perimental investigation. American Journal of Physics, vol. 38, 1121, (1970). 
lassic form of introductory laboratory. An essay in educational realism. 
N.T.v.N. Special issue of the Netherlands journal, 


ANG devoted to collaboration of secondary education and 
university education in physics. 38 no. 6, 1972 


Nuffield Physics (1969). Teachers Guide I, Longmans, London. 


Nuffield Advanced Physics (1972). Teachers Handbook, Longmans, London. 
See ieinaty Course E283 The curriculum: Context, Design and Development. Open University Press 


l oa much material from development projects, illustrating the complex nature of the forces 
involved. 


Open University Selection at eighteen plus, unit from Course E282 Open University Press 1972. 


A An elegant and detailed co 
issues of general interest. 


Parlett, M. Undergraduate teaching ob: n 
description, g observed. Nature 223, September 1969, Methodologically useful 


mparison of the English and Scottish selection system, raising fundamental 


Parlett, M., Miller, C.M. Up to the mark: a study of the examination game S.R.H.E. 1974. 
R ; i > z 
E ee based on interviews with students and staff, of patterns of belief and behaviour 
y examinations. Looks at many aspects. Offers some new conceptualizations of problems. 


Physics International Panel, Re i 
c 1 » Report submitted to the West Afri inati i ue 
Science Teachers Association of Nigeria Vol. 5, no. 4 sca -iTi er 


Illustrative of the Problems of negotiating an 


examination which serves university entrance. 
PSSC (1960) Physics, D.C. Heath, Boston i 


Project Physics (1970), Holt, Rinehart and Winston, New York 


37. 


38. 


39, 


40. 


41. 


42. 


43, 


44, 


45. 


46. 


School to higher education 


E a Anger, C.D. Team teaching freshman physics. American Journal of Physics vol. 40, 311, 


Experiments in sharing teaching, so that students are better able to join in discussions. 


Renner, J.W., Lawson, A.E. Promoting intellectual development through science teaching Physics Teacher 
vol. 11, 273 (1973). 


Suggests that many students do not yet function intellectually as teachers expect in first-year university 
courses. 


Rogers, E.M. Mejoramiento de la Ensenanza de la Fisica mediante la construccion y discusion devarios tipos 
de pruebas (Improvement of Physics teaching through the construction and discussion: of various types of 


test) Unesco. 
Report of workshop at Montevideo, giving examples developed at the workshop, and much discussion. 
Strongly connects tests and value judgements. i 
Rogers, E.M. Examinations: powerful agents for good or ill in teaching. A merican Journal of Physics 
vol. 37, 954, (1964). 
Required reading for all concerned with testing. 
Strassenburg, A.A. The evolution of physics teaching. American Journal of Physics vol. 40, 1730 (1972). 
Traces the recent development of physics teaching, with reference to curriculum development 
projects. 
Swartz, C.E., Zipfel, C. Individualised instruction in introductory physics. American Journal of Physics 
vol. 40, 1436 (1972). 
Report of a large scale course using flexible methods. 
Sutton, R.A. The school-university physics interface project. Physics Education vol. 7, May 1972, p. 212. 
Describes the intention to develop diagnostic tests to enable students to remedy deficiencies from 
previous work at school. 


Taylor, C.A. The Physics Interface Project. Physics Education vol. 8, March 1973, p. 109 (See Sutton 
19732); 


Thomson, R. Schwarz, G. The College Board Physics Achievement Test. Physics Teacher vol. 7, 143, 
(1969). 


Description of an important selection mechanism. 


UNESCO. New trends in physics teaching vol. II Unesco 1972. 


Contains papers illustrating approaches to topics and teaching methods, notably laboratory work in 
universities. See also the chapter by E.M. Rogers on assessment. 


71 


6 Educational technology in the teaching 
and learning of physics 


The combination of approaches, methods, media and materials chosen to help the student to 
learn is called educational technology. It does not mean simply the totality of technical aids 
used in education which are, of course, examples of technology in or for education. It means 


the technology of education — a method or approach combined with the necessary media and 
materials to bring about improved teachin earning programmes begin with a 


end, that he or she was not able to 
ent which measures the success of 


the operation in terms of achievement. The proof of learning lies in the ability of the student 


to do what was intended. 


Educational technology, thus defined, is a theme so broad that various aspects of it have also 


been assigned to other chapters. Hence, this chapter is limited to Selected aspects of technology 
in education. The chapter is based ona paper written by A.V. Baez, 


6.1 EDUCATIONAL TECHNOLOGY: DEVELOPMENTS AND TRENDS 


entries dealt with the computer in physics 
and science education, 33 dealt with behavioural objectives and programmed learning, 28 dealt 
with all aspects of audio-visual aid (films, loops, slides, filmstrips, overhead transparencies, 
audio-tapes and multi-media) and 17 dealt with television and radio (including closed-circuit TV 
and video-tape). 


Other important topics related to educational i 
and experiments — including kits — in physics education (25 entries), (ii) individualized learning, 
with special reference to the Keller Plan (31 


audio and visual aids, multi-media and 
ter in physics education. 
a special category because 


it is intimately associated with the 
s, and, in fact, with much 


of what has come to be known as 


Educational technology 


to improve teaching and learning strategies. The goal is: better learning for more people through 
improvement in the efficiency of teaching-learning strategies. 


6.2 PROGRAMMED LEARNING 


The term ‘programmed instruction’, often linked with the pioneering experiments and theories 
of B.F. Skinner and with ‘teaching machines’, has more recently given way to the term ‘programmed 
learning’ to put the emphasis on learning rather than on teaching, although the original term is 
still often used as a synonym. Thus Leith [2] says: 


“programmed instruction is a set of techniques and principles for designing effective learning 
situations. A programme is therefore a means of ensuring that students achieve intended 
objectives.” 


This sentence suggests that the basic idea of educational technology stems from concepts of 
programmed learning, an idea which is reinforced as we read further: 


“This is accomplished by carrying out analyses of objectives, as well as of learning tasks 
involved in their achievement, of learning processes which students must employ and 
conditions (including media) which facilitate learning. In addition, the instructional materials 
and their environment must be set up and tested. That is, the programmer must try out his 
programme and obtain feedback to discover what modifications are needed for students to 
master the task. During its evolution a number of relatively restrictive models were developed 
which were initially regarded as rivals. It is now recognised that the earlier forms of programme 
limit development too much and a generalized systems approach is what characterises 
programmed learning. 


“Almost all of the early ‘rules’ have now been demonstrated to be invalid and many programmers 
show a sceptical disregard of the ‘essential’ rules. Indeed, those which now appear to be critical 
are: 


a. Formulation of objectives and criteria of successful achievement 
b. Analysis of tasks and design of learning situations 
c. Validation of learning situations and evaluation instruments 


“In particular, ideas that programmed learning is self-paced individual learning have been 
abandoned. For example, it has become clear that group-paced learning is often as good as 
or better than self-paced learning. This has opened the way for the employment of audio-visual 
media and much greater effectiveness when, for example, television lessons are programmed.” 


Even though Leith no longer demands self-paced individual learning as a part of programmed 
learning, it is one of the essential features of the highly successful Keller Plan to which the reader 
is referred in chapter 7. 


Other writers have stressed that there are four important parameters that must be dealt with, 
and usually in the following order. These are: 


a. Identification of the target population 
b. Statement of the objectives 


Selection of the content 


9 


Selection of the appropriate medium and mode of delivery 


= 
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This is a theoretical order, in a real (as opposed to an ideal) situation it is not always possible 
to follow it. 


The geographical spread and the range of projects in which programmed learning has been 
utilized in physics education is suggested by the list of topics in Appendix 1. 


6.2.1 Problems and Challenges 


Some of the problems that attended programmed learning in the early days stemmed from the 
fact that manufacturers produced some very poor programmes, apparently in an effort to enter a 


market which they felt would be lucrative. The poor quality of these programmes had a counter- 
productive effect. 


Strict adherence to what were considered the rules of programming in the early days also 
produced some very boring programmes. Boredom for the brighter student has always been a 
problem which has been partly resolved in modern programmes by permitting the use of other 


media such as films and the use of laboratory kits as part of the programmes. It is time-consuming 
and expensive to produce good programmes but the possibility of using them on a large target 
population makes the challenge an interesting one. 


6.3 AUDIO-VISUAL AIDS 


For centuries the most widely used visual aid 
Because of their effectiveness they will undou 
new devices exists which can be used to infor 
sound, in some cases more clearly and dra 
purpose here is not to d 
devices which may be util 


s have been the printed book and the chalk-board. 
btedly continue to be utilized. But today, a host of 
m and motivate both visually and through recorded 
matically than through book and chalk-board. Our 
Owngrade the book and chalk-board but to draw attention to the new 
ized to improve physics education. 

Berman [2] has produced an exhaustive taxonomy of educational media containing eight 
categories of visual and eleven categories of auditory representations. He treats filmstrips and 
slides, overhead projection, audio. 


-tape recordings and motion pictures from the point of view of 
educational technology merely as media subsystems. 


hese devices and their corresponding materials to 
interested reader will consult these excellent sources 
for details on their production and use. Because of limited space we take a rather down-to-earth 

i i mmonly available types of modern audio and visual 
Imstrips, the overhead projector, audio-tapes for ordinary 
ers and sound and/or silent motion pictures in 16 mm OF 
n and multi-media applications will be treated separately. 


amed is that in which we believe audio-visual aids should be 
er of physics because it is the order of increasing cost of the 
s and hence of the possibility of access to them. 


assette tape record 
8 formats. Radio and televisio 


The order in which they were n 
considered by the practising teach 
corresponding devices and material 


Super- 


6.3.1 Slides and Filmstrips 
Anything, real or in graphi 


c form, that b i ilmstrip OF 
slide with a 35 mm camera. can be photographed, can be converted into a filmstrip 
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6.3.2 The Overhead Projector 


The latest version of this instrument is so light that it can be carried easily in one hand from one 
room to another. The light is so intense that the classroom does not need to be dark. Transparencies 
can be quickly and easily prepared by writing on them with felt pens or by copying printed 
material on them with a thermal copier. Overlays, that is combinations of transparencies, can be 
used to present a complex picture step-by-step. The projector can also project real miniature 
equipment for experiments. With the use of polarisers, motion can be simulated. The job of 
producing transparencies for the overhead projector can be undertaken even in financially 
depressed countries. As with slides, there are considerable advantages in combining the overhead 
projector with audio-tapes. i 


6.3.3 Audio-tape Recordings 


Recorded speech can be delivered from a portable tape player to an auditorium seating 500 or 
more with a clarity which far exceeds that of a lecturer speaking without the aid of amplification. 
Tape-recorded sound can therefore be used very effectively in conjunction with slides and 
overhead transparencies. 


6.3.4 Films 


Films are capable of producing a more realistic approximation to experience than any other visual 
aids. Their advantages in physics teaching are well described by Lewis [3]. Nevertheless, it is 
easier to be convinced of the great power of film than it is to produce good physics teaching 
film. 


The accepted norm for classroom use is the 16 mm optical sound track motion picture 
projector. It is found in practically every country in the world. 16 mm film can be reduced to 
Super-8 mm for use as silent cartridge-loaded single-concept film and this is the usual way it is 
done commercially. But inexpensive Super-8 mm cameras and projectors are now available and 
some teachers and students are producing their own physics teaching film with them. Perhaps 
this will create the interest that will, at last, make film a more widely used medium. 


Good films are expensive. To produce a high quality commercial 16 mm physics teaching film 
costs between £500 and £1000 per minute of final projection time. The cost per student goes 
down only if large audiences can be reached (as they can through television). In countries where 
educational authorities are highly centralized it should be possible to take advantage of this, but, 
in fact, it is probably in some countries where educational authority is most diffuse that the 
greatest number of physics teaching films have been made. The educational advantages of having 
students and teachers themselves produce inexpensive films should not be overlooked. 


Audio-visual topics from the Survey of Literature cited earlier are tabulated in Appendix 2. 


6.3.5 Problems and Challenges 


Several factors have militated against the production of physics films and their proper use. First. 
it is expensive to make really good films in physics. This is due in part to the fact that many of 
them require the showing of experiments, some of which are costly or time-consuming to set up. 
They also require cooperation from physicists who participate in the writing of scripts, supervise 
the performance of the experiments and are on hand when the actual shooting takes place to be 
sure that nothing goes wrong with the experiments and that no erroneous statements 


: ; 5 : concerning 
physics are made during the shooting. In fact, it requires team work involving 


physicists, 
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practising teachers, workshop and laboratory technicians, script writers, film directors and 
producers. 


In the case of the Open University, incidentally, the producer is a film maker on the permanent 
BBC staff with a Master’s degree in physics and the team includes a member of the staff of the 
Institute of Educational Technology usually with a degree in psychology. At shooting time, of 
course, there is a full studio staff for lighting and camera work. In some small operations, such as 
the Unesco Physics Pilot Project in Sao Paulo, several of these roles were played by one 
individual. The success of the PSSC and Open University operations was due in no small part to 
some form or another of this kind of team work where a great responsibility was given to the 
physicist. 


Commercial firms such as the Encyclopaedia Britannica Educational Corporation have 
produced some physics films and film loops by hiring individuals as consultants to play one or 
more of the above roles but the commercial risk factor in making such films is high. No matter 
how good a film may be, if it is not backed up by a good distribution system it will not sell. 


Many films at the high school level utilized physicists as narrators or lecturers. In spite of a 
long and successful teaching experience, a high proportion of these did not project successfully 
on film. Quite a few films have been made which are simply filmed lectures with the camera 
trained on a lecturer, and not enough advantage is taken of the full range of cinematographic 
techniques which could really have ‘brought the world to the classroom’. 


Another drawback is the lack of proper projection facilities in most schools and universities. 
Some of them do have an auditorium which can be properly darkened for special showings to 
large audiences, but ordinary classrooms are seldom adequate for motion picture projection. 


Teachers do not know how to get the best advantage from films. It requires preparation. They 
need to study the film before showing it so that they can use its contents as the basis of further 
discussions. Most teachers have too heavy a teaching schedule to permit this. 


The short, cartridge-loaded silent ‘single concept’ film loop is extremely simple to load. The 
projector requires no threading. The fact that loops are silent was supposed to be an advantage 
because it does not ‘rob’ the teacher of the opportunity of doing the explaining himself. But, 
again, unless the teacher has studied the film carefully in advance, he will not be able to explain 


it while it is in progress, with the result that the point of some of the films is missed by both 
teachers and students. 


A heavy blow was dealt to the use of loops worldwide when Eastman Kodak decided to shift 
from the ordinary 8 mm film to -Super-8 mm. Many schools which had bought 8 mm film 
projectors found themselves with a useless projector on their hands. Having made an investment 
in 8 mm projectors they were in no mood to buy Super-8 projectors. This was felt particularly 
in developing countries. The cost of film loops which initially sold for about £5 when the early 


loops subsidized by the National Science Foundation came out, have now gone up to £11 and in 
some cases £17 per four-minute silent loop. 


The promise of new low-cost technologies using cassette-TV and even disc-TV is keeping 


manufacturers from producing more loops and potential buyers from buying existing loops and 
projectors. 


More will be said about these emerging technologies in the television section for it is conceivable 


that the film industry will be revolutionized by electronic techniques for shooting, storing and 
reproducing motion picture images. 
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We are suffering from the ‘hardware-software syndrome’. Tremendous amounts of money are 
being poured into the invention of new hardware for the storage and display of motion picture 
images, but essentially no money at all is being spent on generating the physics education soft- 
ware that will be needed when the dust settles on the present controversy over what form the 
new audio-visual technology will take. This is probably the most important challenge: to plan the 
software now to be used when the new hardware is ready. One way to do this is to shoot films 
using the best existing conventional equipment to be transferred later for use with the new 


hardware. 


6.4 MULTI-MEDIA AND AUDIO-TUTORIAL SCHEMES 


The term ‘multi-media’ will be used here when a variety of media and materials (e.g. tapes, slides, 
films, specimens, laboratory kits, programmed texts, assignment sheets, etc.) are made available 
to the student predominantly in an independent study situation although the emphasis will be on 
the integration of the media rather than on individualized instruction which is covered in chapter 
7. The media may include radio and television provided they are also integrated into the learning 
scheme. If the main emphasis is on broadcast radio or television it will be treated in the next 
Section. Special emphasis will be given to the kind of multi-media system called audio-tutorial. 


The Survey of Literature reveals very few physics multi-media projects. The topics are listed 
in Appendix 3. 


The mainexponent of the audio-tutorial approach to learning has been Postlethwait of Purdue [2]. 
His basic manual has examples mainly drawn from biology, but the techniques are applicable to 
physics. The title is The Audio-tutorial Approach to Learning Through Independent Study and 
Integrated Experiences. He says: 


“Emphasis on student learning rather than on mechanisms of teaching is the basis of the 
audio-tutorial approach. It involves the teacher identifying as clearly as possible those 
Tesponses, attitudes, concepts, ideas and manipulatory skills to be achieved by the student and 
then designing a multi-faceted, multi-sensory approach which will enable the student to direct 
his own activities to attain these objectives. The programme of learning is organized in such a 
way that the students can proceed at their own pace, filling the gaps in their background 
information and omitting the portions of the programme which they have covered at some 
previous time. It makes use of every educational device available and attempts to align the 
exposure to these learning experiences in a sequence which will be most effective and 
efficient. The kind, number and nature of devices involved will be dependent on the nature 
of the subject matter under consideration. 


“In the audio-tutorial system the instructor’s voice is available to the student to direct and 
supplement his effort. This does not mean that a tape lecture is given!! It refers to an audio- 
programme of learning experiences logically sequenced to provide information for skilled 
learning. The overall set of integrated experiences includes lectures, reading of text, or other 
appropriate material, making observations on demonstration set-ups, doing experiments, 
watching movies and/or any other appropriate activities helpful in understanding the subject 
matter.” 


Concerning multi-media systems which are not of the audio-tutorial type, the best example 
is probably that of the Open University in the United Kingdom. It is discussed in the article 
entitled: Integrated multi-media systems for science education which achieve a wide territorial 
coverage [2]. This article discusses several other projects, but again, the main thrust is on the 
instructional system of the Open University which utilizes in its physics courses printed course 
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units written for self-study with built-in systems of assessment and home laboratory kits. It also 
utilizes radio and television but only for about ten per cent of the student’s time for any given 
course. Space does not permit a full discussion of the Open University here, but the interested 
reader is referred to this article as an excellent introduction to this particular type of multi-media 


system. No other university leans so heavily on the concepts of educational technology in the 
planning of its courses. 


We could, of course, have included the PSSC course and Project Physics of Harvard as early 
examples of courses that utilize several media. But they were not self-paced and self-instructional 
to the extent that the audio-tutorial and the Open University schemes are. The Unesco Physics | 
Pilot Project in Latin America [25] pioneered a step in this new direction. It was a multi-media 
course and it was student-paced through a programmed learning technique. 


Berman [4] has introduced a multi-media system for physics instruction which Jeans heavily 
on the combination of overhead projector and audio-tapes, but it is not audio-tutorial. The tapes 
have lectures on them and the course depends on seminar discussions. Baez devised a concentrated 


media-activated physics course of this type and experimented with it for five consecutive 
summers at Harvard University [5]. 


6.4.1 Problems and Challenges 


The main problem with schemes discussed in this section is the difficulty of producing high 
quality ‘software’ to feed into the excellent hardware which already exists in the media. This 
requires experienced personnel, time and money, all of which are in short supply. Postlethwait 
estimates that it takes about 100—500 man hours to produce one multi-media unit (about a 
week’s student contact time) from inception to final product. The production of the 36 units of 
the Science Foundation Course of the Open University involved some 12—16 academic staff plus 
technical staff including those of the Institute of Educational Technology and the BBC, typists, 
artists and laboratory technicians working for at least one year. No wonder Keller, experimenting 
with his personalized system of instruction (PSI) in Brazil where the financial resources available 
were not as great as those in the U.K., felt that he could not afford the ‘frills’ of multi-media 
approaches. 


The challenge is to find applications of the multi-media approach which are not frills but 
which are appropriate to the state of economic, social and educational development of the 
country where it is to be used. 


6.5 RADIO AND TELEVISION 


Radio and television have been widel 
science, but articles that deal with th 
review here the vast literature of the 
wishes to obtain an introduction to t 
[6] produced for the Fund for the A 
Unfinished Experiment’ begins: 


y used in education in general and even in the teaching of 
e teaching of physics are few in number. It is not possible to 
use of radio and television in education, but the reader who 
his field could begin by consulting Learning by Television 
dvancement of Education. The first chapter, entitled ‘The 


“After more than a decade of extensive effort and the expenditure of hundreds of millions of 


dollars has television made a real impact on American schools and colleges? Has it made a 
worthwhile contribution to education? 


“The short answer to Such a sweeping question would probably have to be ‘no’. Whether 
measured by the numbers of students affected or by the quality of the product or by the 
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advancement of learning, televised teaching is still in the rudimentary stages of development. 
The medium can take credit for helping understaffed schools to cope with ever increasing 
enrollments. But television has not transformed education, nor has it significantly improved 
the learning of most students. In short, TV is still far from fulfilling its obvious promise. 
Television is in education all right, but it is still not of education.” 


Although this was written about educational television in the United States in 1966, it still 
applies to most of the teaching of physics by TV today. 


Details of the use of radio and television in physics education in various countries are given 
in the references listed in Appendix 4. 


For someone just becoming interested in the possibilities of radio and television in physics 
education a good source of information with good bibliographies is Unesco’s New Trends in the 
Utilization of Educational Technology for Science Education [2]. In particular Valerien’s 
article: ‘The Use of Television in Science Teaching’; Berman’s article: ‘Learning Media’; and, 
of course, the article by Kaye and Pentz: ‘Integrated multi-media Systems for Science Education 
which achieve a Wide Territorial Coverage’. 


No mention has yet been made of the tremendous efforts made in connexion with television 
teaching of physics by Harvey White on Continental Classroom in the 1960’s. He deserves credit 
for pioneering in a difficult field. It was a ‘brave and costly experiment’ but it was dropped after 
a few seasons without inspiring other courses of this kind. Less ambitious physics TV teaching 
experiments have been tried in other countries but none has achieved sufficiently resounding 
results to have generated successors. 


6.5.1 Problems and Challenges 


. Why have radio and television failed to play an important role in physics education? One reason 
is that physics is a difficult subject and one which is not easy to teach even using conventional 
techniques, although many of its experimental aspects lend themselves to demonstrations which 
could make interesting TV programmes. 


Another is that many TV science teaching programmes have been essentially ordinary lectures, 
recorded by the television camera. They were made with little appreciation of the special features 
inherent in the combination of films and TV. They simply had the TV camera ‘look in’ on the 
lecture room. 


Too little attention has been given to the essential visual nature of the television medium. It is 
not surprising that attempts to convey verbal information by this medium have been unsuccessful. 


In teaching, we have generally failed to profit from the example of the advertising industry 
who have so successfully used television as a means of motivating the viewer. 


In other words, it is the ‘software’ problem again. Television technology has improved. The 
image quality has improved, colour has been added. Satellites have made it possible to reach a 
vast audience, but a similar effort in generating high quality software in the area of physics has 
simply not taken place. As we said earlier, the development of high quality software is now even 
more important than continued improvement of the hardware. But it is also important to 
recognise the characteristics of the improved hardware because it will be for these new and 
improved versions that the software of the future must be created. 


One of the new directions is to supplement broadcast television with, or replace it by, other 
means of supplying the viewer with synchronized moving pictures and sound. One of these is 
cable television in which the information is guided selectively by carriers and is not broadcast 
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through the air. Another is cassette or disc TV in which sight and sound are recorded electronically 
on magnetic tape, on a phonograph-like disc or in some other fashion. The important characteristic 
is that the viewer can insert the tape, disc, or other device and play it back on his own school or 
home television set at the time of his choosing, and replay it as many times as he wishes. There is 
a vast difference between the teaching possibilities associated with cassette or disc TV and those 
associated with broadcast television. Cassette TV (I shall use this as a generic term to mean any 
system in which the audio and visual signals are stored in devices which make instant and 
repeated replay possible at the discretion of the viewer) makes it possible to use a self-paced 
multi-media approach for physics teaching in which other learning devices are linked with TV in 
new teaching-learning strategies, such as programmed learning and the performance of experiments. 
It could yield a modification of Postlethwait’s idea to become an ‘audio-visual-tutorial’ presen- 
tation with all the advantages of his audio-tutorial techniques combined with the visual display 
on the TV screen instead of through movies and slide projectors. 


What is most needed in using television, as indeed in using other media, is to apply the four 
important parameters of -programmed learning detailed earlier, namely: 


a. Identification of the target population 

b. Statement of the objectives 

c. Selection of content 

d. Selection of the appropriate medium and mode of delivery 


If we follow this procedure it may well be that we are forced to conclude, in certain cases, that 
television — either broadcast or cassette — is not needed. 


The choice of objectives also poses a problem. If we restrict ourselves to the teaching of physics 
at the university level for future physicists and engineers, we will be forced to consider a highly 
structured course which may be difficult if not impossible to teach using broadcast TV, but 
which might be feasible using cassette-TV as part of a multi-media self-paced system. 


On the other hand, if the target population is the general audience that watches educational 
TV channels our objective might be to give them some idea of the power, methods, and limitations 
of physics without requiring a highly structured course. In this case broadcast TV might serve the 
purpose of generating a ‘scientifically literate’ public without requiring them to take an 
examination on Newtonian mechanics or quantum physics for example. 


The use of broadcasts combined with printed or other visual materials (radiovision) has hardly 
been explored for physics teaching and deserves some consideration in developing countries since 
it is much cheaper than TV and, with good software, can be very effective. 


In short, TV still holds out the unfulfilled promise of bringing physics instruction of high 
quality to a large target population but it must take into account both the improvements in TV 
technology (that is the new hardware and its capabilities) and the concept of educational 


technology which demands that target, objectives, content and mode of delivery be considered 
carefully in that order. 


6.6 COMPUTERS IN PHYSICS EDUCATION 


In spite of the fact that 
active area of research, d 
partly because it is so acti 


» judged by the number of bibliographical references, this is the most 
evelopment and experimentation in educational technology today, and 
ve and hence difficult to cover in a limited space, this will be the shortest 
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section of the present paper. Another reason is that the activity is highly concentrated in advanced 
countries, mostly because of the high cost of computers and the scarcity of adequately trained 
personnel. A study made by Unesco suggests that few existing materials can be adapted for use in 
developing countries and that their educational aims can, for the time being, probably be 
accomplished without computers. 


The Survey of Literature on Physics Education had 68 entries dealing with computers in 
physics education: one from Italy, one from the UK and all the rest from the US. Notably 
absent are countries from the Third World, for a very simple reason: computer-assisted instruc- 
tion is expensive and even its most enthusiastic practitioners warn that computer-aided instruc- 
tional installation has to be at least of a minimal ‘critical size’ to pay off. Donald Bitzer and his 
colleagues say [2]: “the use of computers in direct instruction will be possible on a wide scale 
only if it is economically feasible, no matter how great the supposed benefits. Typical costs of 
educational computer systems have been about £2—£5 per student contact hour, which is good 
enough to hire a private tutor. A cost reduction of a factor of ten is required to make it feasible 
to use computers in education.” We have included computers in the list of topics, therefore, 
because of their potential and their promise; not because they represent the appropriate 
technology for the majority of countries at present. See Appendix 5. 


6.6.1 What the Computer can do in Physics Education 


Computers are of two types, analogue and digital. In the analogue devices numbers are represented 
by physical quantities like length, angle or voltage. In the digital devices numbers are expressed as 
digits, usually in the binary system. An ordinary slide rule is an example of the analogue type and 
the electronic calculator is an example of the digital. Great strides have taken place in electronic 
digital computers so that the advantage of speed which used to rest with the analogue types is 
probably shifting to the digital types which, moreover, have readouts in the decimal system of 
great precision — too great for many teaching needs, according to some investigators. The hand 
calculator is a special electronic device which is of great utility in the teaching of physics; it is 


considered at length in chapter 11. 
The following is a brief list of functions that computers of sufficient complexity can perform 


to help in physics education: 

(a) Mathematical analysis. Computers can be programmed to solve even very difficult 
mathematical equations very rapidly, so rapidly in fact that they can, for example, track and 
guide rapidly moving objects in real time. Since most problems in physics are stated in math- 
ematical form (e.g. in mechanics, wave motion, oscillating circuits, atomic and nuclear physics, 


etc.) their computational and problem-solving capabilities can be useful in physics education. 


Curves can be fitted by least squares analysis. 

(b) Graphical display. The solution of a mathematical problem is often associated with a 
graph or diagram. The shape of a wave in electro-dynamics or nuclear physics, for example, or 
the density distribution of electrons in an atom, or the trajectory of a moving particle all lead to 
graphics which can be displayed on a cathode-ray tube screen or on plasma devices. These 
figures, if varying in time, can also be photographed on motion picture film and yield computer 
animated movies. Varying electric and magnetic fields can, for example, be plotted and filmed. 


(c) Experiments. Through modelling, simulated experiments can be performed in which 
relevant variables (e.g. mass, speed, acceleration, time, density, tension, temperature, etc.) can be 
varied continuously by changing some electrical parameters. The numerical and/or graphical 
result of these experiments can be used by the student to learn, from many more cases than he 
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could have access to with real experiments, how the variation of parameters affects the outcome 
of the experiment. Some of these simulations are a form of computer-animation. A model of a 
stretched spring, for example, can consist of a thousand small bodies linked by massless springs 
of a given stiffness. The programme consists in ‘telling? the computer to move the bodies in 
accordance with Newton’s Laws of Motion. If the body at one end is vibrated sinusoidally, for 
example, a wave that resembles a travelling sine wave is generated. 


(d) Computer-assisted learning. One or more of the previous functions can be utilized to 
generate programmes which actually teach, or more precisely, from which students can learn. 
One procedure is the use of the computer to guide the student in programmed learning of either 
the linear or branching type. Another is to use the computer in an interactive mode, that is, one 
in which a dialogue is set up between the student and the computer. This can even be tied in with 
graphic displays which are subject to interactive change initiated by the student who wants to 
know how this particular change affects the outcome of an experiment. 


For the reader who is new to these concepts, the article by Bitzer [2] is recommended as a 
start. It contains a good bibliography. Some general references are given at the end of this paper 
as well as some related to physics education in particular. 


There has been so much activity in the use of computers in physics instruction in the United 
States that the reader who wants details should go directly to the index issues (December) of the 
American Journal of Physics starting with the latest and working backward. The 


: y are listed under 
the topic: ‘Instructional Computer Use and Computer Notes’. 


(e) Computer management of learning. The computer can be used in many ways to help 
manage the learning situation. Here the computer is not the main instrument of instruction as it 
is in computer-assisted learning. It is used instead for the storage of questions and the generation 
of tests with specified characteristics. It can also be used to mark and analyse test results, and to 
direct students to remedial material. Records can be stored for assessment and evaluation of 


student performance. Individual reports can be produced for each student, showing his or her 
results to date. 


6.6.2 Problems and Challenges 


The main obstacle to the use of computers in physics teaching is probably the high cost of 
installation of a computer of at least the minimum critical size. Computers are expensive if we 
require that the student interacts directly with the machine, as is the case when computer 
terminals are to be available on site. However if batch-processing methods are applied to the 


computer management of learning, and if a one- or two-day turn-round is acceptable, then the 
cost per student can be relatively small. 


The ‘software’ problem is probably just as urgent in the area of computer-assisted instruction 
as it is in other areas covered in this chapter. The rate of development of the technology of 
computers is probably outstripping the rate of production of good programmes for them. The 


solution of this will probably require massive funding by centralized agencies of science and 
education within the different countries. 


The possibility of international collaboration in the development of computer-assisted physics 


instruction is a challenge that may be met in part through iali i 
r l gh the efforts of the Specialized Agencies 
of the United Nations, particularly Unesco. d j 
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6.7 SUGGESTIONS FOR ACTION 


Keeping in mind the disparity in resources available to different countries, suggestions for action 
are listed in two groups: 


A. For developing countries and for the economically depressed sectors of others. 


(i) 
Gi) 


(iii) 


(iv) 


Read the literature. The bibliography contains some suggestions on how to get started. 


Consider systems such as the Keller Plan that require almost no hardware, other than 
that required for laboratory practical work. Then explore the opportunities for 
enrichment and improvement of learning provided by the newer ‘things of learning’, 
but not at the expense of experiments performed by the student. 


Start modestly and work up. Learn the basic arts of audio-visual communication by 
experimenting with, say, slides, overhead projectors, audio-tapes, 8 mm films, 16 mm 
sound films, closed-circuit TV, radiovision, broadcast TV in that order. Think twice 
before jumping into the use of computer-assisted instruction. 


Get teachers and students involved in the development of software for physics teaching. 
The level of awareness and receptivity of large numbers of them must be raised by 


becoming involved creatively. 


B. For the economically advanced countries. 


(i) 


(ii) 


(iii) 


(iv) 


Make a conscious effort to devote substantial resources to generating software of high 
quality for the existing technological hardware and for that which is on the verge of 
commercial mass-production such as cassette or disc TV. 


Do research and development in areas which would have some benefit in your own 
economically depressed areas and hence in the developing countries. 

Assist the United Nations and other agencies in programmes to stimulate international 
collaboration in the field of educational technology. 

Consider the suggestions made to developing countries to see which are also applicable 
to your own. 


6.8 APPENDICES 


Appendix 1 


Examples of programmed learning utilized in physics education in various countries. 


Australia: Evaluation 0 


f a group controlled audio-visual system of programmed learning [7] . 


Functional and behavioural objectives in the teaching of science (examples from physics) 


Chile: 
and educational technology in science teaching [8] ; relation between evaluation and 
learning objectives [9]. 

Czechoslovakia: Statistical evolution of the didactic tests in physics [10]. 

France: Comparative study on the use of books and machines in programmed instruction of 
electricity [11]. 

Hungary: The programmed teaching of electricity [12]; the entrance manual of physics (programmed) 


(13]. 
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Italy: Trials of programmed instruction with closed-circuit television [14]; an experiment on pro- 
grammed instruction [15] ; the “packages” for the teaching of physics [16] ; the construc- 
tion of programmed sequences in physics [17]. 

Poland: Method and examples of didactic programming [18] and attempt at programmed teaching 
in geometrical optics [19]. 

Romania: Programmed instruction in physics classes [20]. 


United Kingdom: The physics interface project (self-teaching modules) [21]. 
United States: Programmed course in mathematics necessary for success in collegiate physical science 


[22]; the effects of programmed instruction in a college physical science course for non- 
science majors [23]. 


Japan: Media programmed learning systems [24]. 


Unesco ran a pilot project on the teaching of physics in Latin America starting in 1963 in which programmed 
learning materials were produced by the participants [25]. It was probably the pioneer programmed learning pro- 
ject in that region. E.W. Hamburger in a survey of the situation in Brazil, mentioned that a programmed learning 
text in five volumes covering most of classical physics has recently been produced by a private group in Brazil 
under the title Fisica Auto Instrutiva and that about 150,000 vol 


umes have been sold. It contains recommenda- 
tions for experiments but these are not an indispensable part of the course. Harvard Project Physics also integrated 


some programmed learning sequences into its materials. Programmed learning has also been utilized in Chile to 
train teachers by correspondence. 


Appendix 2 


Examples of audio-visual aids utilized in physics education in various countries. 


Australia: Recent application of the use of tape recorders in tertiary science teaching [26]. 


Students answer questions flashed on screen [27] ; evaluation of use of tapes, 35 mm slides 
and printed materials [28] ; audio-visual aids for astronomy and space physics [29] ; pre- 
view of slides, film loops and video-tapes and use of microcomputers as adjuncts to labora- 
tory experience [30] ; the influence of selected Physics Science Study Committee (PSSC) 
films [31]; the Harvard project p 


hysics film programme [32] ; a long look at the short film 
[33]; and the enquiry approach in 16 mm sound films [34]. 


A selection of films suitable for the teaching of physics [35] and Animation in physical 
science films [36]. 


United States: 


France: 


Here are some miscellaneous items regarding film activities. 
teaching of physics in the USSR. He wrote (in 1961) “in the Ukrainian Republic there were one hundred pre- 
O-level films, in the Russian Republic 144, which must be shown to the pupils. Most of them were short but all 
were pertinent to the subject. We have almost no such films”. When Baez visited the USSR in the late 1960's he 
was shown examples of the use of films in the teaching of physics in Moscow. Their present extensive efforts in 
educational television suggest that a corresponding film and kinescope activity must be under way [38]. 

E.W. Hamburger (Instituto de Fisica de Universidade de Sao Paulo, Departemento de Fisica Experimental) A 
reports that “short silent film-loops for introductory physics have been produced on the themes ‘Centre of Mass 
(6 films) and ‘Collisions’ (6 films). Careful tests of the teaching effectiveness of the films were carried out”. He 
also adds “Films (were) produced by C. Jonas in collaboration with FUNBEC on several topics (energy, forces, etc.) 
at the introductory level, (They are) col 


t oured ten-minute sound films available in 35 mm and 16 mm and they 
are very attractive and good teaching tools. There are ten films in all”, 
J.B. van der Kooi (Gron; 


i ingen University, the Netherlands) reports that three films for in-service training have 
been produced, covering experiments with electromagnetic 3cm waves. In addition students at that university 
have been given the opportunity of making their own educational films; six films so far have been made and the 
project is continuing. 


Lewis [37] has reported on the use of films in the 
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Appendix 3 
Audio-tutorial and multi-media projects in physics education. 


(a) Audio-tutorial 
Australia: An audio-tutorial project in physics [39]. 


United States: A practical approach to an audio-tutorial system [40] ; how to develop and use audio- 
tutorial instruction in secondary school science [41] ; an inexpensive audio-tutorial 
system [42]; the use of audio-tutorial methods in introductory physics at Cornell Univer- 


sity [43]. 
(b) Multi-media 
Italy: A teaching experiment of the multi-media type [44]. 


United States: A high school physics course that makes use of a multi-media approach [45]; a multi-media 
facilitated course in college physical science [46] ; multi-media systems approach in college 
physics laboratories [47] ; formative evaluation procedures used in designing a multi-media 
physics course [48]. 


Selected readings 


Briggs, L.J. et al. Instructional media: a procedure for the design of multi-media instruction, a critical review of 
research and suggestion for future research. Pittsburgh, American Institutes for Research, 1967. 


Contains a useful review of the literature on audio-visual media (up to 1965), and a select bibliography. 


Duncan, C.J. A survey of A V equipment and methods. In: D. Unwin Media and Methods, London, McGraw-Hill, 
1969, 


“There is a constantly shifting interaction between the equipment on a technical level and the materials and 
methodology applied at the professional teaching level”. “A desire for simplicity, if not for ease, may well hold 
back an experienced teacher from using any aids he has not already made second nature”. “... an element of 
conscious programming is propér to the selection and use of even the most simple aids, let alone their associa- 
tion in complex systems”. Famous cases of combined AV labs are those at Purdue and Pennsylvania State 
universities. “The more complex the aid, . . . the less sensitive the adjustment to individual or single-class needs 


and responses”. 
Romiszowski, A.J. The selection and use of teaching aids, London, Kogan Page, 1968. 


A practical handbook on the use of new devices and media in the classroom, and for self-instruction. 


Unwin, Derick, ed. Media and methods: Instructional technology in higher education, London McGraw-Hill, 


1969. 

Developments considered by the editor to promise well for the future are CAI, Dial-Access Information 
systems, and Simulation and Gaming. Used as a teaching machine, the computer can impose some control in 
programmed learning (used at Santa Monica, California). The system includes a manually operated microfilm 
viewer and a response device connected to the computer, the latter indicating correct responses by a green 
light and incorrect ones by a red light. Consoles are provided enabling teachers to monitor progress. Other 
systems include PLATO, SOCRATES and COURSEWRITER. Ordinary telephone lines can be used for remote 
connexions. Useful boundaries for ‘simulation and gaming’ are not easy to define, but devices such as ripple- 
tanks and wind-tunnels are included. 


Driver, S.C. ‘Programmed individual study methods in the learning of science’. Australian Science Teachers 
Journal, May 1970, vol. 16, no. 1, p. 27-33. 


Deals largely with activities at the University of Melbourne, in biology, physiolo i i : 
year) and biochemistry. Though based on Postlethwait’s methods, the th nt es T ee 
considered unduly restrictive, the ‘programmed’ aspect is highlighted instead. The contrast with > as it is 
ETV is pointed up: in that system the student is locked into step. The term ‘structured’ learni programmed 
as synonymous with ‘programmed’ learning. The taped commentary must be prepared as a t ing is introduced 
rather than as a lecture to a class. a talk to an individual 
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Appendix 4 
Radio and television in physics education. 


New forms of paedagogical practice in physics [45] ; application of closed circuit TV during physics lessons ol 
use of video-tape in advanced physics laboratory [51 ] ; the report of a failure in biology teaching [52]; ten years 0 
TV teaching [53]; the use of portable video-tape recorders in science education [54] ; using television as an effec- 


tive tool in science education [55] ; science education by radio in Africa [56]; broadcasting and the teaching of 
science in secondary schools [57]. 


Selected readings 


Schramm, Wilbur. ‘The future of educational radio and TV’ 
p. 282-6. 


More than 50 countries now have school TV and more t 
is how to improve programmes, which means concentrating talent at a central point. 
local control of timetable. One solution might be a wired 
up (example: Palo Alto students in maths connected to co 
may merge into point-to-point transmission; satellites will 
the great changes envisaged may be ‘25 years in the industrialized countries, 50 years or more in the developing 
countries’. Little is known about how to combine PI with radio and TV effectively. Information centres for 
providing information on educational TV and radio would be extremely valuable. Radio can perform almost 
the same tasks as TV at one-fifth the cost. 


. Educ. TV internat. December 1970, vol. 4, 


Gordon, George N. Classroom television. New frontiers ITV. New York, Hastings House, 1970, 


A survey of 20 years development of instructional TV leads to the conclusion that classroom TV is little 


more advanced or accepted than in 1950, Video-tapes are likely to Teplace broadcasts. Discusses the varieties 
of teaching and learning possible with TV, including CCTV, and describes the process of integrating TV lessons 
into the classroom curriculum. 


Packham, D., Cleary, A. and Myes, T. (eds.). Aspects of Education Technology V, London, Pitman, 1971. 
Collected papers presented at the fifth Conference of the Association for Programmed Learning and Educa- 
tional Technology. 
Internationales Zentralinstitut for das Jugend und Bildungsfernsehen — a bibliography, 


University of Sussex. Television and education: research findings, bibliograp 
report to the E.V.R. partnership. University of Sussex, Centre for Educational Technology, 1968. 
A detailed report which reviews the present 


(1968) state of research on educational television, sets the find- 
ings in the context of British educational practice, and gives a select bibliography of relevant research, material, 
and sources, 


Munich, 1968, 


hies, and sources of information — a 


Beaton, W.G. ‘Glasgow ETV — a quinquennial report’. Education and training, November 1970, p. 436-7. 


A brief account of the growth of the Glasgow ETV service from its start in August 1965. Emphasis is on 
the hardware aspects, but mention is made of programmes in modern mathematics for secondary pupils and of 
biology programmes produced by the university and transmitted after school hours as in-service training for 


teachers. The budget figures up to 1970 ‘would seem to suggest that Glasgow Educational Committee believes 
with us that the interesting but expensive TV experiment of 5 years ago is proving to be a sound, long-term 
educational investment’. 


Chaplin, Brian. ‘Educational radio and the use of the tape recorder’. Educational Broadcasting International, 
June 1971, vol. 5, no. 2, p. 107-12, 


rived by taping broadcast programmes, thus making material available just 


b RA ision’, ‘investigations in Toronto to measure the assimilation of information 
Ae red ue and textbook, found that the textbook was the least effective, with the lecture only 
Bey T. Surprisingly, radjo Supported by visual material was significantly better than TV (though 
Fer a ating interest i i ivati be 
used for individual revision. g and heightening motivation) . The tapes can of course also 
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Geer John. ‘TV Cassettes — Friend or foe?” Educational Broadcasting International, September 1971, vol. 5 
no. 3, p. 164-7. ne 


Consideration is confined to systems with electronic reproduction (on a TV screen), which are recognised as 


being more versatile than optical reproduction systems. EVR, Teldec discs, VTR tapes, Telecine, Selectavision 
(using lasers and holography) and other systems are compared. Expense alone may inhibit the use of cassettes 
in education, though it may be feasible in conjunction with existing centralized CCTV systems. 


Appendix 5 


Computers in Physics Education: Selected Readings 


Gerard, R.W.,Hilgard, E.R., Atkinson, R., Goodlad, J.1. 
of the National Academy of Sciences. Washington, vo: 


Contains four articles whose titles are: (1) Computer-assiste 


psychological heuristics of learning, (3) Computer-assisted lear! 
in modern society. Contains valuable insights on the capabilities of computer-assiste 


even though a bit dated in this rapidly growing field. 
Daniels, A. (ed). Educational Yearbook 1971-72, The British Computer Society, London. 


A collection of recent articles, review, and project listings (UK and USA). 
of the literature. Newburyport, Mass., Entelek, 3rd 


Symposium on computer assisted learning. Proceedings 
1. 63, no. 3, July 1969, p. 573—603. 
d learning and general considerations, (2) The 


ning in action, and (4) Computers in the schools 
d instruction and is useful 


Hickey, Albert E. Computer-assisted instruction: a survey 

edn. 1968. 
A formal bibliography of some 600 items preceded by the survey, 

CAI in various disciplines (including maths and sciences) and at vario 
(and a few in other countries) the most important CAI systems, program 
tion. 

Zinn, K.L. and McLintock, S. A guide to the literature and interactive use of computers 
Stanford, ERIC Clearinghouse on Media and Technology, 1970. 

d language descriptions, literature surveys, relevant pr 


which highlights: specific applications of 
us levels, the major CAI centres in the US 
ming languages, and modes of instruc- 


for instruction (2nd edn.) 


A useful guide — includes sytems an fessional organiza- 


tions, bibliography, etc. 
Kemeny, John G. and Kurtz, Thomas E. The Dartmouth time-sharing computing system — final report, 
Dartmouth College 1967, 24p. . 
Commission on College Physics, The computer in physics inst 
ix 80p. flow chart. 


Hanover, 


ruction, College Park, University of Maryland, 1965, 


Schwartz, Gunter, Kromhout, Ora M. and Edwards, Steve. ‘Computers in physics instruction’, Physics Today, 


September 1969, vol. 22, no. 9, p. 40-49. 
e of computers in science education was conducted at the Universities of Michigan 
and Illinois. Conferences were held in 1965 at Universities of Washington and California, Irvine. A recent sur- 
vey indicated that computers are finding many applications, functioning in a few fundamental roles. It is 
hoped eventually to attain a cost as low as 25 cent/hour/student. The three main modes are: computational, 


conversational, simulation. A tabulation of 27 represen’ j 


tative 3rd level CAI physics projects is given. But this 
does not cover use of small computers (e.g. IBM-1 130), which may however be best for many schools. Easy 
access and simple computer 


language are important factors. 40 references. 


Early research on the us 


Reading 


Computers in Physics Education: Further 
Lagersrapport No. be 


Adolfsson, T. Laromedelskonstruktion - 
TRUAS is briefly described. 


Council for Educational Technology. Computer assisted learning in the UK 1975. : 
A ‘state of the art’ report with a case study approach so that the reader will get some detailed understanding 


of particular work as well as more general information. 
Can be obtained on application to the CET, 10 Queen Anne Street, London WIM 9LD. 
Council for Educational Technology. Two Years On. 1975. 
First report of the National Development Programme on computer-assisted learning in the UK. 


1971 and No. 2, 1973. The Swedish project 
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Can be obtained on application to the CET, 10 Queen Anne Street, London W1M 9LD. 


Brok, Alfred. Current Status of the Physics Co. 


mputer Development Project. Department of Physics University 
of California, Irvine, California 92664. 


Elton, L.R.B. The Interplay of Educational Technology and the Teaching and Learning of University Physics. 
Institute for Educational Technology, University of Surrey, Guildford, England. 


Ameloot, P., Beerden, L., Poulis, J., Venhaegen, L. Audio-cassettes are ana 
Limburgs Universitair Centrum, Universitaire Campus, 3610 Diespenb 


Van der Kooi, J.B. and Mulder, D.P. Films for in-service 
Groningen University, The Netherlands. 


id to Problem Solving in Physics. 
eek, Belgium. 


Training and S tudent-made Films for High Schools, 


The CAMOL project (Computer Assisted Management of Learning). 
Writer: N.J. Rushby, NDPCAL, 37—41 Mortimer Street, London WIN 7RJ. 


6.9 REFERENCES 


Physics Department, University of Edinburgh, 1975. 


1. International Conference on Physics Education: Survey of Literature on Physics Education. Edinburgh, 


Contains general references plus others from 20 different countries on all the subjects covered at the 
conference, 


autolecture (overhead projector and 
including pauses for answers to 


ns is summarized. [S wA . 41, 1266 
(1973)] mmarized. [See Baez, Am. J Phys. 4 
5, ee V. Evolution of a Concentrated, Media-activated Physics Course. Am. J. Phys. 41, 1266 


_ Describes “a teachin 
film loops, and closed 


g-learning strategy based on the use of the overhead projector, the tape recorder, 
Options, and demonstr: 


circuit TV in autolectures, seminars, micronotes, laboratory sessons v-ith multiple 
ation lectures”. The course was taught to approximately 100 students, lasted six 
and one-half weeks, and was given at the Harvard summer school from 1967—71. 

6. Murphy, J. and 


i . . 
1966, 980 Gross, R. Learning by Television, New York, The Fund for the Advancement of Education, 
7 Te Marne, A.E. (1972), Evaluat 


Physics Education, Ai ion of a group controlled audio-visual system of programmed learning. 
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8. 


10. 


ll. 


ia. 


13; 


14. 


Educational technology 


Bata 5; Educación. Educational Bulletin of Unesco’s Regional Office of Education, Santiago, Chile 
rticles are: -- i f l 


. (1) Gaudet, G.G. “Objetivos funcionales y operacionales en la enseñanza de las ciencias” ( Func- 
tional and behavioural objectives in the teaching of science.) Discusses, with examples of physics, the 
need for clear objectives in science teaching. i 

(2) Dib, C.Z. “Tecnología de la educación y enseñanza de la ciencia” (Educational technology and 
science teaching). Briefly describes the principles and foundations of educational technology and ways 
to use it in the development of learning systems. 

(3) González, C. “El equipo y el laboratorio en la enseñanza de las ciencias”. (Equipment and 
laboratories in science teaching). Discusses educational goals which may be attained through the use of 
apparatus in demonstrations and experiments. 


(4) Maiztegui, A.P. “Las actividades científicas extraescolares”. (Out of school scientific activities). 
Analyses various out of school activities and their possible educational value. 


(5) Teixeira, A.S. “La evaluación en la enseñanza de la ciencia”. (Evaluation in science teaching). 
Describes how to construct, analyse and evaluate examinations in science. 

(6) Dodera, O. ‘Formación y actualižación del profesor de ciencias”. (Pre-service and in-service 
training of science teachers). Analyses desirable attributes of a teacher in the sciences and ways to 
provide them. 

Magendzo, A. “Relación interna de evaluación-objetivos de aprendizaje”. (Relation between evaluation 
and learning objectives). Boletin Informativo del Departamento de Física No. 3, 28, 1974. 


Through worked examples in physics, discusses the influence of behavioural objectives on evaluation 


procedures. ë 

Bednãrik, M. “Statistical Evolution of the Didactic Tests in Physics in Collected Reports of the Faculty of 
Natural Sciences”, Palacký University, Olomouc, Acta Universitatis Palackianae Olomoucensis, 
Mathemetica-Physics-Chemia X, 1969. 

The article deals with the statistical calculation of the results of didactic research conducted between 

1966 and 1967. The aim was to prove the effectiveness of programmed learning for specific topics of 
physics. Testing knowledge in two selected groups at random, the author provides relevant comparative 
data. The results show that differences in pupils knowledge after having studied the subject matter 
prove the advantage of experimental learning. 

Freiche, J., Higele, P. Etude comparative de l'emploi de livres et de machines dans un enseignment 


programmé de’électricité. 
ines of the EL9000/00 type provided a programme in elementary electricity for the group 


Philips machi : ‘ : 
chine-was examined in several respects: 


selected. The impact of the ma 
— effectiveness of learning; 


changes in the adult’s image of training; 
quality of the periodical syntheses carried out by the group undergoing training. 


Lang, J., Dios, J. The progra 


The authors deal with th 
grammed lesson on diodes is 
grammed method. 

Schuszter, F. The entran 

This is a programm 1 bo 
ination of colleges and universities. 

Bussolati-Rimini. Esperimenti di istruzione programmata con televisione a circuito chiuso, in relazione alla 
realizzazione di corsi universitari. Il Giornale di Fisica 12, 124, 1971. 

(Trials of Programmed Instruction with closed circuit television, for the preparation of university 
courses). An analysis of the production of a Programmed Instruction course, recorded on a television 
tape and operated with three or four student groups. The project has been sponsored by the Pirelli 
S.p.A. The programme was of the Skinner (linear) type. The cost of production has been estimated at 


400.000 L for one hour lecture. 


| 


l 


mmed teaching of electricity. Fiz. Tan. 8, 59—61, 1969. 


e characteristics of programmed teaching and the pupils’ experiments. A pro- 
discussed in detail. Lastly, they examine the knowledge gained by the pro- 


ce manual of physics. Research Centre of Higher Education, Budapest, 1973, p. 113. 


ed handbook, similar to the Orear programme for preparing for the entrance exam- 
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15, 


16. 


Pis 


18. 


1S. 


20. 


23. 


24. 


25, 


90 


Moltedo, Pani. Un esperimento di insegnamento programmato. II Giornale di Fisica 11, 131, 1970. 


(An experiment on programmed instruction). Reports on a programmed course in electrostatics, at 
secondary level. 


Pescetti. L’impiego dei “pacchetti” nell’insegnamento della fisica. La Fisica nelle scuola, V, N.1, 11, 1972. 


(The use of “packages” for the teaching of physics). A report on a study and the consequent prepara- 
tion, at Geneva university, of “teaching packages” on light polarization (the material consists of pro- 
grammed instruction sheets, tests, problems, experiments, etc.). 


Scarpellini. I teorici dell’ Istruzione programmata: Skinner Audiovisivi, XI, 3, 51 (1971). 
I teorici dell’ Istruzione programmata: Crowder Audiovisivi, XI, 4, 31, (1971). 
Come costruire un programma Audiovisivi, XI, 5, 14, (1971). 

Come costruire una sequenza lineare Audiovisivi, XI, 6, 23, (1971). 
Come costruire una sequenza intrinseca Audiovisivi, XI, 7, 14, (1971). 


This is a series of papers containing information and directions for the construction of programmed 
sequences in physics. 


CZ. Kupisiewicz (edit.) Metody i przykady programowania dydaktycznego, Warszawa 1970, PWN. 
Methods and examples of didactic programming. 

Salach, J. Próba programowego nauczania optyki geometrycznej. Fizyka w Szkole, nr 6, 1967. 
An attempt to programme the teaching of geometrical optics. 


Muster, D., Chiritescu, S., Corutiu, M. and Tirca, L.D. Lectii cu elemente de invatamint programat în fizica; 
Revista de pedagogie 22 (5) 1973. 


Programmed instruction in physics classes. 


Sutton, R.A. “The School-University Physics Interface Project”. Physics Education, vol, 7,p. 212, May 
1972. 


Pre-course diagnostic tests for students starting university physics courses are proposed. Students can 
then use self teaching modules to remedy deficiencies inherited from A-level courses. 


Colligan, Robert B. “The Construction and Evaluation of a Programmed Course in Mathematics Necessary 
for Success in Collegiate Physical Science”. J. Res. Sci. Teach. 6, 358 (1969), 


Experimental and control groups of students with poor mathematics background (77 students in each 
group) were given programmed remedial material in mathematics and a lecture-recitation course in mathe- 


matics, respectively. The experimental group did significantly better both in the mastery of mathematics 
and also in a subsequent physical science course. 


Moriber, Dr. George. “The Effects of Programmed Instruction in a College Physical Science Course for Non- 
science Majors”. J. Res. Sci. Teach. 6, 214 (1969). 


A three-week portion of a college physical science course was prepared in linear programmed form 
and used with 120 students, while 120 other students were taught by the regular lecture-demonstration 


method. The immediate acquisition of knowledge was greater for those students using programmed 
learning, but retention after three months was the same for both groups. 


Butler, Lucius; and Inoue, Kazuo. “Media Programmed Learning Systems”. Phys. Teach. 10, 20 (1972). 
e na ey eg media programmed learning system” offered to first- and second-year high 

im Kobe, Japan. Individual multi-medi i iviti -OT- i 

itis A N ia learning activities for a one-or-more week unit 


í ; a final large-group presentation. Student ici i ion of 
learning materials and keep tlietowntrecords: nts participate in selectio: 


Unesco Pi j r 
Pilot Project on the Teaching of Physics — Report on this project Unesco, Paris, 1967. 


in Sao Paulo (Brazil), aa aaa on a project sponsored by Unesco and IBECC, and held 


i -American physicists and i 

with a Usesco t ~ physicists and physics educators worked for a year 

os one pe ee oa of a course on the “Physics of Light” as part of a secondary-level 

(in programmed instruction ae a coherent set of materials including laboratory kits, pupils’ textbooks 
m), films and TV programmes. The textbooks, which were originally 


29, 


30. 


31; 


32. 


33. 


34. 


35. 


36. 


at. 


38. 


39. 
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produced in Spanish and Portugese, are at present commercially available in Spanish, English and 
French versions also exist (in a limited experimental edition). 


Daley, N.J. and Gore, M. M. (1970). Recent applications of the use of tape recorders in tertiary science 
teaching, Aust. Physicist, 7, 83. 

Meinhold, Russel. Large Group Instruction Through Concept Development. Final Report. (DHEW Report 
BR-8-A-042) (1970) ED 063 266. 


Format based on class sessions centred on single concepts. Written materials, demonstrations, students 
answer questions flashed on screen concerning concept. Format evaluated: Found to be more “interesting” 


than straight lecture format. 
Yoder, John T. HI. Development and Evaluation of Instructional Aids in a Technical Physics Course for 
Industrial Technology Students. Final Report (1969) (DHEW Report: BR-8-F-062) ED 031 415. 
Evaluation of use of audio-tapes, 35 mm slides and printed materials. 
Moche, Dinah L. “Audiovisual Aids for Astronomy and Space Physics at an Urban College”. Phys. Teach. 
11, 409 (1973). 
A commentary on, and listing of, easily-available audiovisual aids for astronomy courses, some of 
them useful at several instructional levels. 
Reid, W.M. and Arsenau, D.F. “Labs of Unlimited Scope”. Am. J. Phys. 39, 271 (1971). 


Misleading title: article describes preview of slides, film loops, and videotapes and use of mini- : 
computers as adjuncts to laboratory experience. Four examples given. Open-ended nature of experi- 
ments asserted but not described. No evaluation. 


Woodman, Charles A. “The Influence of Selected Physical Science Study Committee (PSSC) Films on 
Certain Learning Outcomes in the Teaching of High School Physics”. J. Res. Sci. Teach. 9, 271 (1972). 


A test using approximately 500 students taking PSSC physics in eastern Massachusetts, USA, high 
schools showed that those who watched selected PSSC films did not have significantly different scores 
from those who did not watch the films, as measured by PSSC achievement tests and the Test on 
Understanding Science. Suggests that teachers might use films to stimulate student interest to break 
up class monotony, to supplement lab work, or to increase the range and scope of the course. 


Bork, Alfred M. “The Harvard Project Physics Film Programme”. Phys. Teach. 8, 163 (1970). 

Describes three long films and lists a large number of short film loops developed for the high school 
course Harvard Project Physics (HPP). The “library” character of film loop use is.described. Many HPP 
loops suggest and allow for student measurements and calculations. 

Miller, Franklin, Jr. “A Long Look at the Short Film”. Am. J. Phys. 39, 4 (1971), 

Uses for the short film, legitimate reasons for producing one, variety of projectors available, need for 
more teachers to make short films. 

Herbert, Don, “The Inquiry Approach in 16 mm Sound Films”. Sci. Teach. 38, 39 (March 1971). 

The Mr. Wizard of USA-TV fame describes some inquiry-slanted techniques of filming science demon- 
strations. 

Flechon, J. Présentation d’un choix de films pour l’enseignment de la physique. IN: Bulletin de Union 
des Physiciens, No. $33, March 1971, p. 663—687. 

A selection of films suitable for secondary school physics courses. 

Roger, C. Le dessin animé et le film de sciences physiques. Saint-Cloud, C.A.V., 1971, 50p bibliography 


(Memoire de stage). 
Lewis, J.L. Education in the USSR with particular reference to physics; Bulletin of the Institute of Physics 


and the Physical Society. July 1961, p. 189—196. 
Shaffer, Melvin C. Educational television in the Soviet Union A udio-visual Instruction, vol. 15, no. 3, 
$ $ 


March 1970, p. 69—73. 
Hanscomb, J.R. and Arbib, P.S. (1971) An audio-tutorial project in physics. Aust. Physicist, 8, 173. 
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40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


Nordland, Floyd, Kahle, Jane and Hugh, Via. “A Practical Approach to an Audio-Tutorial System”. Sch. 
Sci. Math. 72, 673 (1972). 


Questions and answers about the practical problems in setting up a high school or university audio- 
tutorial centre. 


Butzow, John W. and Pare, Roland. “How to Develop and Use Audio-Tutorial Instruction in Secondary 
School Science”. Sch. Sci. Math. 73, 735 (1973). 


A brief “how-to-do-it” paper including references and bibliography to research results, kinds of 
audio-tutorial programmes, costs, hardware, procedures for writing materials. The authors stress that 


the teachers in each school must make their own basic audio-tutorial materials, and give reasons why 
this is so. 


Sandin, T.R. “An Inexpensive Audio-Tutorial System”. Phys. Teach. JJ, 172 (1973). 


Briefly describes a “highly-structured, content-oriented, two-semester, introductory” technical physics 
course for 35-40 students that proceeds in one-week units. Fifteen-minute weekly recordings, available on 
cassette recorders in the library reserve room, are used to guide the student through the textbook and 


workbook. Two recorders suffice for the class. Eighty per cent of the students used the recorders one 
or more times each week. 


Thorsland, Martin, et al. An Instructional Exploration in College Physics. The Use of Audio-Tutorial 
Methods in Introductory Physics at Cornell University (1971) ED 059 038. 


Good discussion of the problems and procedures for implementing A-T. No evaluation of effective- 
ness, 


Mayer-Pani. Un esperimento didattico del tipo multi-media. Il Giornale di Fisica 13, 276, 1972. 


(A teaching experiment of the multi-media type). Some optics subjects have been taught in the final 
class of a secondary school and in a third or second university year for physicists or mathematicians, 
using a number of new methods (audiovisual aids, programmed instruction, tests, etc.). The content of 
the course has been based on Feynman vol. II. The results are discussed. 


Fiske, A. James; and Kersey, Timothy. “Physics is Great!” Phys. Teach. 12, 25 (1974). 


Describes a popular high school physics course that makes use of (among other things) audio record- 
ings for textbook chapter summaries, student book reports, modularized teaching, group examinations, 


physics-related projects in other high schoo] departments, and a study unit in which the student writes a 
study unit. 


Butzow, John W. and Pare, Roland. “Physical Science: A Multi-Media Facilitated Course” J. Coll. Sci. 
Teach, 2. 29 (October 1972). 


Describes a college physical science course for elementary education students that uses portions of the 
Physics for Non-Science Students (PSNS) and College Introductory Physical Science (IPS) curricula. 


Multi-media presentations of laboratory tasks are used along with individualized progress and a contract 
grading system. Evaluaton of achievement and attitude. 


Black, Howard T. and Poorman, L. Gene. “Multimedia Systems Approach in College Physics Laboratories’ - 
Sch. Sci. Math. 70, 277 (1970). 


Examples of experiments, demonstrations, and exercises used in three university physics laboratory 


Sinai Some Harvard Project Physics materials are used. Increased enrollments and student interest 
reported. 


Branson, Robert, K. Formative Evaluation P. i igni i: i i 
(1971) ED 080 140, ve Evaluation Procedures Used in Designing a Multi-Media Physics Course. 


Studies student preference a: i i i i : 
4 nd performanc $ 
Fe ern p e with several instructional formula in order to find bes 


Ferk aS ei 
erko, P. “New Forms of Pedagogical Practice in Physics”. Fyzika ve skole, 1970, vol. 8, no. 5. 
The articl ici ; z 3 
tion of tO tee ee of pedagogical practice to date and stresses the need for the elimina 
towards this end. plications. Industrial television and its uses are cited as an example of a means 


50. 


Dili 


53. 


54, 


55, 


56. 
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Egner, K. Application of Closed Circuit TV during physics lessons. Aud. Viz. 10, 672—675, 1973. 


The author gave the same lesson in three ways: first personally, second with the assistance of TV in 
his presence, and lastly with TV in his absence. The results of checking of learning effectiveness showed 
no essential difference among the three forms. 


Brody, H.; Parkinson, P.D.S.; and Selove, W. “Use of Video Tapes in Advanced Laboratory”. Am. J. Phys. 
42, 605 (1974). 

Taped video lectures each 30—55 minutes in length have been used to instruct all students in a junior- 
senior modern physics laboratory about the use of the equipment. Student checks out cassette of the 
lecture from the library. Tapes are not polished productions and professor still visits laboratories to check 
progress and answer questions. 

Carlson, Elof Axel. “Teaching by Television: A Critique” J. Coll. Sci. Teach. 2, 15 (February 1973). 


A refreshingly candid report ona failure in television teaching of a large course in biology for non- 
science majors. The author used two different techniques (lecture and “documentary”), both of which 
disappointed the students. Comparison with network documentaries make the present failure under- 
standable. Anyone considering using instructional television for large groups should read this article. 


Eddy, John Paul. “Ten Years of Educational TV Teaching”. Sch. Sci. Math. 71, 623 (1971). 


An informal account of ten years of elementary and secondary science TV teaching in New Mexico, 
USA, by George Fischbeck. Discusses advantages of TV teaching, ways to involve classroom teachers, 
programme scheduling difficulties, emphasis changes during the ten years, and plans for the future. 


Sund, Robert B.; and Tillery, Bill W. “The Use of the Portable Television Tape Recorder in Science Educa- 
tion”, Sci. Ed. 53, 417 (1969). 
Suggested uses of video tape record for teacher improvement, training prospective science teachers, 
educational research, and direct teaching uses. Suggestions only, no report of trials. 


Welliver, Paul W. “Using Educational Television as an Effective Tool in Science Education”. Sci. Ed. 53, 


95 (1969). 

Reports on the use of educational television in North Carolina, USA, including a ninth-grade physical 
science course broadcast as daily lessons (since 1959) and methods course for science teachers (since 
1966). Discusses improved identification of state programmes and the effective “in-service training” for 
teachers that result from broadcast science courses. 

Robson, M.J. Question time: a radio science series for African primary schools evaluated. Educ. Broad- 
casting Int. 6 1973. 

iter describes the study of comprehension of a year-long series of radio science lessons by a 
aa of 460 African Upper Primary school children in Rhodesia. He concludes that about half the 
children in the sample understood and learnt from much of the material, that a further quarter compre- 
hended and assimilated only relatively trivial aspects of the broadcasts while the remaining quarter 
gained little or nothing from the listening experience. 


Harris, B.R. “Broadcasting and the teaching of science in secondary schools”. S.S.R. 53, 182 (1971). 


Outlines the role of, and the restraints on, the use of television in secondary school science teaching. 
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7 New approaches to teaching and learning 
in schools 


The period 1960—75 has been characterized by a growing awareness that the results of educa- 
tional research do have application in the schools and by rapid developments in the fields of 
curriculum revision and methods of teaching. A greatly extended range of teaching techniques 
has become available. These place more emphasis on learning by children and less on direct 
teaching by the teacher and rely more on discovery than on revelation. This chapter based on 
a paper written by E.J. Wenham discusses these trends and looks ahead to the next few years. 


7.1 DEVELOPMENTS 


Today few curriculum developers in the field of school physics are unaware of the work of the 
Geneva school of Piaget with its analyses of the stages of intellectual development and of the 
growth of basic mathematical and scientific concepts in children [1]; of the application of 
taxonomies of objectives [2]; of the development of curriculum models [3]; of the analysis of 
the conditions under which learning takes place [4]; of the examination of the interactions 
between pupil and teacher [5]; of the central position of the role of language [6]; of the place 
of evaluation and assessment as a source of feed-back to both teacher and taught [7] and of the 
facilities offered by educational technology [8]. 


Other influences demand our attention. Students today are encouraged to be more self- 
confident, and the teacher finds he has to earn the respect of these highly critical students. There 
is a'trend towards acceptance of the view that education is a 
appreciation of the political nature of the decision-making process in education, a growing 
realisation that education is concerned with change and, in some countries, a significant shortfall 
in the production of teachers of mathematics and physics often associated with a marked decline 
in interest in science and technology generally. 


} The developments in the form and structure of physics teaching which have marked the period 
include the appearance of such first 


i generation curriculum development projects as P.S.S.C. [9] 
and Nuffield ‘O’ level Physics [10] with their emphasis on the cognitive and, to a lesser degree, 
7 the affective domains; the growth of a desire to make physics more significant and relevant to 
ate eee needs (e.g, Harvard Physics [11]; Nuffield Secondary Science [12]); the 
and ee a eae me nalure of science and scientific enquiry associated with Popper [13] 
introduction of the fee aa of such views to school courses; the consequences of the 


i w mathematics’ and, latterly, the devel f integrated 
science programmes [15] in a wide variety of forms y evelopment of integ 


branch of social engineering, an 
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7.2 RESPONSES 


The teachers of science in the schools have responded to these and other pressures in a remarkably 
resilient way. In discussing such responses it must be noted that, to quote the report [16] 
Science Education in Nineteen Countries: “in the English-speaking nations there is a marked 
empirical approach to science teaching with an emphasis on laboratory work and practical 
experiences. The continental European nations would appear to have built up a strong theoretical 
tradition, with less emphasis on investigation and enquiry. Japan has developed independently a 
pattern strikingly its own. The developing countries, however, face common problems. They are 
confronted with a rapidly expanding school system, a critical shortage of trained teachers as well 
as a lack of materials and facilities for the teaching of science.” 


Central to the development of modern teaching strategies has been the realisation that school 
science time is provided in order that children may learn rather than that teachers may teach. 
Even so it is probable that Flanders’ observation [17] that there is a better than 60 per cent 
chance that the teacher is talking in a classroom at any given moment remains true. 


The wide range of teaching techniques now available makes it necessary for the science teacher 
to consider carefully the objectives of his teaching and then to choose the technique which he 
judges will be most effective in the light of all the circumstances. The increased emphasis which 
has been placed by some of the English-speaking projects on pupil laboratory work is an example. 
Such work is ‘learner-centred’ but may also be teacher managed or even ‘stage-managed’ discovery. 
The concern is that of providing the student with personal experience of science; he becomes a 
‘scientist for the day’. It is characteristic of this approach that practical and theoretical work are 
brought together and interact one with the other. Planning, organizing and conducting lessons 
using this style is necessarily more complex than in the traditional laboratory class where the 
experiment is designed either to confirm the theoretical exposition of the teacher or to measure 


some attribute of the material under test. 

Continental European countries have, as has already been noted, a strong tradition of teacher 
demonstration. In the pure example, the student is passive, but this need not be so. Demonstrations 
which require student participation [18] are now much more common; indeed a notable feature 
of the recent past has been the encouragement of more effective demonstration techniques by 
projects which also have been concerned to develop class experimentation. An outstanding 
example is the use of student to student demonstration in Nuffield Advanced Physics [19]. 


The traditional divisions of physics (heat, light, sound, etc.) have largely been replaced by 
groupings built around a central concept (e.g. waves) or by work based on an agreed topic. In this 
latter case, the work centres around a situation, topic or theme which is usually related to the 
interests expressed by the pupils. This approach encourages excursions outside the normally 
accepted bounds of the subject into, perhaps, its social implications or its history. Although more 
usually associated with younger pupils [20] the technique has been extended to older ones [21]. 
Children working in this mode may be grouped into small teams, each working on some special 
aspect of the topic. In some cases, students undertake individual project work: for example, the 
Nuffield Advanced Physics Project [19] requires a student to undertake an experimental 
investigation into a problem either of his own invention or chosen from an extensive list. 

P ‘ci f experiments’ to provide the opportunity for individual learning 
ait e renee for fate to = discussion with individuals. “The circus uses a series of 
experiments . . . usually related to a common theme so that pupils may move from experiment 
to experiment in any order, the order being dictated sometimes by the availability of experiments 
to be done, sometimes by the teacher directing pupils to appropriate ones. Sufficient experiments 
are set aan to engage an entire class and at the same time to ensure that there are enough to keep 
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all pupils working hard all the time. Some pupils will complete fewer pieces of work than quicker 
ones, but will gain sufficient experience in any area chosen for study.” [22]. 


The group work which is so often contrasted with whole class 
been extended in the direction of individual learning. The best kn 
Intermediate Science Curriculum Study [23] 
development is a necessary reaction to pressures 
in classes which are undifferentiated in ability (m 
‘achieve the necessary individualization of appro 
common to all students in the class but whic 
periods of time for completion to different chil 
setting a series of break-off points for individu 
units to become truly individual were it not for 


teaching has, more recently, 
Own example is probably the 
initiated at Florida State University. Such a 
in some countries for the teaching of children 
ixed ability grouping). Teachers have tended to 
ach either by providing work sheets which are 
h achieve differentiation by allowing different 
dren or by writing the simplest material first and 
als. In the long run, one might expect the work 
the overwhelming work load on the teacher. 

Independent learning materials must e 


ngender the proper conditions for learning. Gagné [4] 
suggests that the stages which characte 


rise a learning unit whether of the traditional or the 

individualised type may be listed as: 

1. Gaining and controlling attention. 

2. Informing the student of expected outcomes. 

3. Stimulating the recall of relevant background. 

4. Presenting the stimulus situation. 

5. Offering guidance for learning. 

6. Receiving and providing feedback from learning. 

7. Appraising performance. 

8. Providing for the transfer of knowledge. 

9. Ensuring retention. 


Incorporating these into a work-sheet presents a formidable challenge. 


Both the traditional class and the individualized modes of teaching may employ the mastery- 
learning [24] style in which a student who performs poorly in a summative test is directed to an 
activity designed to deal with the difficulties revealed — often in a small group session or by 
individual tutoring. 


The relationship with the self- 
name of Fred Keller [25] is 


S een limited presumably becav 
expenditure on hardware. 


Sy are considered in another chapter. Nevertheless one 
as been observed j 


n the textbook itself. The traditional physics textbook 
mature language of a 


It is a short ste 
promising with a gre 


programme. In the 
such programmes c 


it appears doubtful 
Ore essential tasks. 


Sixties this appeared to be highly 
if the resources required to prepare 


pid feedback of student response and understanding is the 
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‘feedback classroom’ [29]. Such a room is equipped with a device which enables the individual 
student to signal his response to a multiple-choice question displayed as the lesson proceeds. 
This signal is displayed at the teacher’s bench so that the teacher has a complete indication at any 
instant as to the progress of each individual student. 


An important question raised by these and other teaching developments concerns the size of 
classes. In Asia one hears of sixty to seventy as the norm: in the West thirty appears to be 
accepted. Even where individual learning is introduced, the school authorities may insist that a 
teacher remains responsible for the ‘normal class’. A critic might question the assumption that 
any particular number is appropriate, since under some conditions, a group of 100 may be 
acceptable, whereas under others the ideal size is one. 


A technique of interest in this context is that of team teaching [30] in which small group 
discussions (tutorials) and larger group lectures are combined. The advantages claimed are the 
variety of teaching and of viewpoints provided, the opportunity for the teachers concerned to 
specialize and to watch one another teach (normally a rare, but invaluable experience), and the 
provision of chances to work in the tutorial mode. The indications are that the method is more 
generally applied in interdisciplinary programmes than in the teaching of a single science. 


Where science department heads exist there has been a change of role. It is now recognised 
that successful changes to a new curriculum, a new method or a new organization demand a 
serious attempt to change the attitudes, beliefs and methods of teaching of the teachers 
involved. Increasingly, therefore, the teacher responsible for the science department in a school 
sees his role as managerial, and concerned with planning, co-ordination, persuasion and evaluation. 
a school moves from a streamed (selected groups) to a non-streamed (mixed 
commitment by the head of the department to the non-streaming 
devise means for effective cooperation among his colleagues in 


Where, for example, 
ability groups) structure, a strong 
is as essential as is his ability to devise 
exploring the implications of the decision. 

. The trend away from the ‘streamed’ class which is characteristic of the school systems of many 
European and developing countries to the ‘unstreamed’ or ‘mixed ability class’ is currently 
presenting severe problems in some countries. Evidence suggests that the concept of the ‘mixed 
ability’ group is itself imprecise and that the change has been accompanied by little evaluation of 
the teaching. However, the process does seem to be more than a fashionable whim. Social 
reasons for teaching in heterogeneous groups are powerful and there is little hard evidence to 
support the view that brighter children are inevitably held back by being taught in such groups. 
There is concern, however, that such children may become frustrated, bored or complacent. 


7.3 PROBLEMS 


o a rapidly developing situation may find the teachers of physics 

t to their status and may conflict with the culture within which 

way which may expose the teacher’s own lack of knowledge 

k ands great self-confidence and the ability to step away from the security of 

th ee athe Lee of ‘Jet us find out together’. The recognition that ‘science sits between 

the pi and the answer’ demands a new attitude towards both scientific knowledge and 
children learning science. . . 

i hysics is now required to be outward rather than inward looking. This 

Thee fei te S concerned on one level with the integration of the school sciences and 


llen; A ; 
ode sonra oul implications of science. Can the sciences be integrated successfully 
hrongbait the secondary school course, or only in the earlier years? What are the implications 


Such a plurality of responses t 
ill-prepared, may offer a threa 
the school operates. To teach in a 
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for tertiary education? Teachers are expected to apply new methods to unexpected situations 
and, at the same time, to present a view of science towards which they may well be unsympathetic. 
Students are faced with the prospect of making value judgments about science 
and their teachers with the need to leave such judgments open in their teact 
themselves have a model of physics which implies that physics is good, is self-contained and 
exclusively concerned with natural phenomena. This is not society’s model, however, and the 
students are trapped between the two views. Resolution demands an attitude change on the part 
of the teacher and this is very difficult to bring about. Yet, if the conflict is not resolved, physics 
may well suffer the fate of Latin as a school subject. Of course, parts will then be absorbed 
within other disciplines, but previous experience of that has not been entirely happy. 


The teacher will also find technical problems. Whereas the Geneva school concentrates on the 
importance of action in early learning, implying that concrete experience and m 
major importance, the Russian psychologists h 
accompaniment to action, while Bruner and h 


and its applications 
hing. Teachers may 


c : ting ] l science. Teachers of physics have to understand 
that children learn by doing, by thinking, talking and writing about what they have done; and this 
requires time. 


significance to the physics 
this question are beginning 
A trend towards the use of mate 


rials designed to promote individualized learning raises the 


ates learning packets may provide an answer to those problems which follow 
They ee Gen of mixed ability groups in countries moving away from a selective system. 
Paes y also provide the means to give every child the right to enjoy and learn the same 
The teachers themselves h it i i 
: ave it in their hands to 
challenges presented to the schools. But they may the 
trend for they were themselves Successful within the 
inhibited by those most able 


implement change and to respond to the 
mselves constitute a conservative counter- 


system. Necessary changes may well be 
to respond, 7 ane see 
In countries where the require , jo Roan 
inflexible, it is more difficut. to Mee of public examinations are widespread and perhaps rather 


leve changes in curriculum cont 


Science subjects are vulnerable because they are readily examinable 


ent and teaching technique. 
With respect to curriculum 
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content, there appears to be a wide belief that there is in science a certain body of ‘knowledge’ 
which is unchanging. Furthermore this unchanging ‘core’ should be examined in its entirety and 
therefore should be taught in its entirety. 


Even where opportunities to experiment in the field of examinations exist (as in the Certificate 
of Secondary Education examination in the UK) teachers are unwilling to take risks: facts are 
easy to examine, initiative in experiment is difficult. 


But examinations are not alone in exerting pressures on the teacher; employers, parents and 
even tertiary education often combine in the effort to inhibit change. 


7.4 SOLUTION OR RESOLUTION? 


Teacher education (discussed in another chapter) can contribute a great deal to the building of 
that essential self-confidence which the existing situation demands of its teachers. Improvements 
in both pre-service and in-service education of teachers are needed urgently and it is fortunate 
that major contributions have been offered, for example, in the UK by the Science Teacher 
Education Project [32] and in Venezuela by ‘Estudios Libres’. Such projects can make a very 
significant contribution to raising the low status of the teacher, to the dissemination of curriculum 


change and to the development of innovations among the teachers. 


Many, perhaps a majority, of physics teachers will be unaffected by such courses and must 
depend on other agencies to keep them in touch and to combat their isolation. Where they exist 
and where they are oriented to the development of teaching as a profession in the same sense 
that medicine and law are professions, science teacher associations and science education centres 
are important agents in the task; they can encourage small scale but widespread curriculum 
development, can disseminate information about techniques and attempts to solve specific 
problem situations and can ensure that there is adequate discussion of the new whilst preserving 
the valuable features of the old. Such organizations may well prove to be the most effective 
agents for the dissemination of the important and relevant findings of educational research among 
the teachers and we would recommend school systems to encourage their development. 


We recommend that authorities with responsibility for school systems should give very careful 
thought to the impact of change, whether imposed or evolutionary, on individual teachers and on 
individual children. Such change too often threatens the status, expertise and self-confidence of 
the teacher and leads inevitably to a disastrous lowering of his spirits (‘morale’). There must be 
respect for the initiative of the teacher; his views should always be canvassed before change takes 
place. Humane administrative procedures are always the most effective in developing cooperation. 


i i ics i Is should be taught in the mother- 
e t, so far as is possible, physics in schoo 
to We eeen neh and that prospective curriculum changes should be supported by 
ea i ad programmes of guidance for the teachers concerned and that this should also 
be given in the mother-tongue. i ; = 2 
r iversities should accept a major role in assisting necessary change since 
We suggest that the Ens are rightly respected by government agencies. We consider that each 


e ape OES active collaboration with schools in respect of physics teaching. 


sansi hysics community itself has a duty to the schools, that it should play a 
bi Ln E ee of educational development and research and that it should assist the 
pasimire tolem t n of beneficial change. The wisest advice that it can offer is to urge 


> i i entatio : > 
AF h D less about the content of their physics courses and to worry more about 
achers 
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the need to educate the children to be conscious of some problems and to be aware of some 
solutions in the field of physics. 


instituti i tion and training of teachers should 
mend that institutions concerned with the educa 
soe ee students with a wide repertoire of skills and knowledge based on the need to do 
P 


what they can with what the country can afford. Then they may be prepared for change and 
equipped to operate in a wide range of situations. 


i amental uncertainty in education today. Expressed in our terms, the question 
ME yi oat ee is ‘Why teach physics?’ rather than ‘How should physics be taught’. 
In some countries the answer is quite clear — to prepare for entry to a university. But this is the 
concern of a tiny minority of the children in the schools. An answer in such terms is no longer 
acceptable. We have to recognise that physics is an integral part of human culture and that it 
should be presented in this context. Many of the most important decisions which have to be made 


in our society are in fields in which physicists work. It is therefore important that every citizen 
has some appreciation of science, its methods and its limitations. If the attitudes of citizens 
towards physics are to be helpful physics must be taught a: 


s a human activity which is seen to 
have relevance to the individual in his social environment. 
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8 The effect on physics education of a better 
understanding of the psychological process 
of learning 


de considerable progress in the last fifty years and are now ina 
position to make a worthwhile contribution to the teaching of science. Recent curriculum 
development work in science education throughout the world has made educators ask 
searching questions about the way science is being taught. This chapter, based on an original 
paper by Lucie Leboutet, is concerned with the convergence of these two lines of thought. 
The development and trends in the psychology of learning are followed by a critical analysis 
of current work. Finally a number of recommendations are made for future action. 


The human sciences have ma! 


8.1 DEVELOPMENT AND PRESENT DAY TRENDS 


The psychology of learning is one of the areas which has been most thoroughly explored by the 
psychologists since the beginning of this century. It may be examined from several angles: 
general, developmental, differential. The last two aspects concern more specifically children, 
adolescents and the young adults who attend our primary and secondary schools and our 
universities. A more general study would take in a fourth aspect: educational. We shall limit 


ourselves here to pointing out the pedagogical application of the facts of learning when these appear 


‘of immediate relevance. 


8.1.1 General Psychological Study of Learning 


(i) Definition of learning 

Although the task is not easy, We shall attempt a definition of the word ‘learning’. In the strict 
sense of the word, learning is regarded as a sufficiently permanent change in an organism, 
manifesting itself in a modified behaviour pattern. It occurs when a like situation is repeated and 
strengthened by practice. Learning is a transformation of the subject that cannot be confused 
with other modifications such as fatigue, sensory adaptation, maturation. This transformation 
itself is not directly observable; what is observable is performance. In the broadest sense learning 
specifies the final condition of a subject who has acquired, by practice, a certain piece of 


knowledge or the mastery of a certain skill, during a period of time. 


(ii) Different types o. f learning. Consequences for the school situation and the learning of physics 
ng take on very varied forms whose classification differs according to 


dopted by their authors. But these psychological theories do not seem 
to us to be of immediate interest to the educator. Hence we shall turn to the work of psycho- 
pedagogy. The examination of forms of learning which can be produced in class leads in general 
to a definition of the hierarchies of learning. Though straightforward in the cases of White [54] 
and Jensen [18, 47] (associative level and cognitive level) they are elaborated further in the cases 


The phenomena of learni 
the theoretical positions 4 
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of Ausubel [2] and Gagne [64]. We shall use here the classifi 


cation of Gagne, while adapting it 
to physics and substituting for hierarchies of types of learning, 


a hierarchy of content. 
The conditioned response is considered the simplest form 
all levels of the zoological scale. It was studied by Pavlov (184 


It presupposes that a neutral stimulus (the sound of 
reaction (like the salivation of a dog) if this stimulus has been sent out at the same time as a 
stimulus which normally triggers off the reaction (the intake of food in the animal’s mouth). In 
this way the generating of fear in children could be explained. 


Instrumental conditioning is another form of response to a signal, 
implying a muscular response to a stimulus as shown below: 


of signal learning. It is met with at 
9—1936; Nobel Prize 1904). 


a bell, for example) can trigger off a 


but a more precise one, 


S ——--____________. R 
stimulus 


The response can be gradually perfected, as in the training of animals, when the animal is 
rewarded by being given food or drink. By virtue of the ‘Law of effect’ (Thorndike, 1932) the 
correct response is ‘reinforced’, and the other responses vanish from the behaviour pattern of the 
animal. The proximity in time of the response in relation to the stimulus, and the repetition of 
the stimulus play an important part. 


response 


A particular example of this form of 1 ning’ of Skinner. We are 

going to devote a few lines to this because of the pedagogical application developed by the author. 
Skinner has presented his studies within the general framework of an analysis of the behaviour 
of organisms (1938) and has extended them to the verbal behaviour of man (1957). 
A simple experiment of the Operant conditioning may be described as follows. A rat placed 
in a cage in front of a lever learns to lower the lever in order to get food. Initially the manoeuvre 
is fortuitous, but if the rat thereby obtains food, it is consolidated and repeated by the animal 
in the same circumstances, and so is learnt. It is then said that the response has been reinforced. 


earning is the ‘operant conditio 


bility of the reappearance of that particular response. 
If, on the other hand, a response is not rewarded, it ceases-to exist. By providing or withholding 
these reinforcements, it is possible graduall 


y to mould the animal’s behaviour. 


ating learning habits and motor learning habits 


S, in children and in man. Man, moreover, is capable of verbal learning. In Skinner’s 


aes ae is a Structured science, lends itself well to programmed learning for its content 
can be translated Into objectively identifiable activities. Skinner himself has constructed such a 
programme. Of 1900 inventoried programmed course 
and logic, and 40 per cent co 


sin 1970, 36 per cent concerned mathematics 
neerned scientific subjects. 
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A dozen studies carried out in different countries seem to support the view that programmed 
teaching of physics often proves more efficacious than traditional methods. It has at least the 
merit of specifying for educationalists the type of responses they expect from pupils in the course 
of learning. In traditional teaching the objectives are often only vaguely formulated — for example, 
to develop reasoning powers, the experimental approach, or to form the mind. These objectives 
are not translatable into explicit behaviour patterns on the part of the pupil, so that one cannot 
judge if they have been achieved. Programmed teaching in physics cannot and must not be 
achieved solely on the verbal level. A programmed course can be used to guide the student in the 
observation or analysis of a situation, for example practical work in physics. The Unesco pilot 
project relative to physics teaching provides a remarkable example, since laboratory experiments 
are carried out by the pupils themselves within the framework of the programme. 


Let us extend the analysis of the different forms of learning and apply them to the case of 
physics. In addition to the verbal learning patterns, the following may be enumerated: 


(a) Sensory discrimination in learning. The individual becomes capable of distinguishing 
forms, dimensions, colours, movements, sounds, acoustic intervals and rhythms and the multiple 
combinations of these factors which characterise objects or phenomena. All these discriminatory 
facets play a large part in daily life, in technology and in science. 
notor learning. These forms are the underlying elements in 
he coordination of movements of hand and eye. They appear 
Ives organized into patterns of complex responses. 


(b) Motor and perceptive-n 
technical skills. They result from t 
as chains of motor responses often themse 

Since the Second World War technical skills have been studied in the armed services and 
industry. There are few data relative to the school situation. Yet laboratory work, involving 
measuring, titration, and decanting of liquids, has been studied, as have the manipulating and 
adjustment of machines: ammeters, microscopes, oscilloscopes [32, p233—242?. 


(c) Concept learning. For example, force, work, current, light rays, mass, weight, speed, 
wave, particle _ Several definitions of each concept could be given, according to the theoretical 


framework in which one is placed. 


From the behaviouristic point of vi 
terms of the abstract properties of © 


ew, to learn a concept is to learn to respond to stimuli in 
bjects. These properties may be colour, length, number, 
position Experimental studies have used relatively simple objects. The studies have not 
progressed far because of the inherent difficulties which include problems of language, and the 
perception of social interactions and of higher mental processes. 

f view, a concept is an intellectual abstract representation of an 
be added the historical dimension. The concept learned links up 
h his present day experience in relation to the outside world. 


From the cognitive point O 
object. To this definition may be 
the past experience of a subject wit 
esults drawn from the United States, Soviet, Romanian and 
f concept learning. 


i i bring to bear several intellectual operations in the formation and 
Malerm a > Ti a place, there are operations of abstraction following which 
certain properties of an object or a situation are isolated. These properties are distinguished 
according to their differences and similarities. The concept can AE a iene Ny A E 
of useful similarities. The United States investigators designate them by the Term positive 
instances? and the Soviet as ‘essential properties’. For the former a positive instance comprises 


one or several attributes of the concept, a negative process (or counter example) does not contain 
them. The experimental results which might concern physics are as follows: 


Here are a few experimental r 
Polish work, relevant to the state o 
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When the concept to be learned must be extracted from visual stimuli, it is all the better 
grasped when the useful characteristics are easily seen. Discrimination is made easier. 


One must simplify the task of discrimination. In physics a sketch of apparatus should not 
include non-essential parts. Yet the use of such a sketch could raise problems when the student 
is confronted with the real apparatus which contains these other parts [32, pl28—130]. 


The characteristic attributes of a concept are learnt more easily when the latter is presented 
to the pupils in a great number of different contexts. The multi contextual presentation facilitates 
the abstraction of features that are common (Hull, 1920). 


It is difficult for pupils to acquire a concept from the presentation of negative examples only. 
One must first obtain a clearly defined positive representation of the concept. But the presentation 
of negative instances prevents the pupils from coming to false conclusions to which they might 
be led either by lack of discrimination or by over generalization. Experimentally the best 
educational strategy consists in presenting simultaneously the positive examples and counter 
examples [66]. Such a strategy is used in the Unesco pilot project (1967, p17). 


(d) The learning of principles, rules, laws and theor 
law can be considered as a chain of two or of several concepts, for example: ‘bodies expand when 
heated’. It follows from this definition that the learning of the chain calls upon previous learning 
of the concepts. Moreover, the chain must be learnt bo 


level. The teacher must be vigilant about achieving both t 


But concepts, principles and laws are not learnt in isolation. The knowledge of an individual 
is organized in structures where the numerous interconceptual relationships interact: temporal, 
spatial, causal. This established fact is all the more important in that maths or science are 
themselves logically structured. They are presented as such to the learner and so, according to the 
premises of developmental psychology, 


he will encounter great difficulty if he himself does not 
have the logical structures necessary to their understanding. 


‘The concepts of 
principles which, arranged in hierarchical order 


ing more vigour to these structures (and 
perhaps increases their difficulties for the student). 


Analytical studies by Gagne [10, p149-156 


form the sequence of knowledge to be maste 
of mathematics or physics 


] and his collaborators have arranged in hierarchical 

red in order to succeed in assimilating a given area 

The Systemization of knowledge through the establishment of causal relations has been well 

described by Soviet authors [32, p130, 133]. 

At school level, Ausubel [2, p148] advocates an educat 
structuration by the employment of two processes, 

(i) the use of introductory verbal mat 

knows already and what he needs to 

Gi) implanting into the pupil 

of the new knowledge (G 


ional strategy which favours cognitive 


erial to establish a bridge between what the learner 
know as a starting point, and 


s prior knowled 


ge elements which will act as ‘anchors’ for some 
subsumers’). ` 


A few general experimentally established results can bring this paragraph to a conclusion. 


(i) Retention is better when Principles and not just facts have been learned [2, p44]. 
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(ii) There is positive transfer if the learning of one task facilitates the learning of another 
(negative transfer in the contrary case). For the transfer operation to come into play the 
principle must be used in the greatest number of contexts possible. 


(e) The learning of problem solving techniques — learning by solving problems. There is a 
problem for an individual when he finds himself confronted by a situation which is new to him. 
The response to the situation-problem is not immediately available in his repertoire of responses. 


In our particular pedagogical perspective a problem can be conceived as an end or as a means. 
The first case is the more traditional: the problem allows the teacher to test: the knowledge 
acquired by the pupil — which is a process of evaluation. For the pupil the problem compels him 
to make his knowledge operational. When he has found the solution he will have learnt something, 
for he will know how to supply the response to problems of the same kind. It has been experi- 
mentally demonstrated that one learns how to solve problems. This ability has been called ‘learning 
set’ by Harlow. In the second option, the problem is considered as a means most suitable to 
favour learning. Gagne [64] defines ‘hierarchies of learning’ according to which learning by 
means of solving problems requires the bringing into play of previous rules necessary for the 
construction of new rules which override them and bring about a solution. 


(f) The motivation of the pupil. Many theories of learning and research findings do not 
appear immediately usable in school. It is indeed difficult to apply to the child or to the 
adolescent results which have been established in the domain of animal psychology. The question 
is nevertheless too important to be passed over in silence. Traditionally, motivation is conceived 
as the dynamic factor in learning, one which provides direction to the activity and gives it 
its vigour. Several motivating factors have been invoked, implementation of which is left to the 
initiative of the teacher in the absence of satisfactory scientifically based guidelines. Curiosity is 
often mentioned; it seems firmly established in animal species, and in children whose questions 
and manipulatory activity manifest their desire to acquire new knowledge. If the aims of the 
particular course of study are fully explained to the pupils then they are likely to be more 
interested. Rewards and punishments are well known to educators as well as social reinforcements: 


rank, order of merit, prizes, etc. 


8.1.2 Developmental Aspects of Learning 


8.1.2.1 The work of Piaget 

f very important research work by the Swiss psychologist Jean Piaget 
s of this chapter devoted to the developmental aspects of learning. 
ll be arranging the results of his followers or critics. 


The theory and results O 
will provide us with the elements 
It is around his work that we wi 

i ing the developmental evolution of intelligence does not rest on 
mena heor of Piaget cd on the stimulus-response model. Between the stimulus and response, 
there exists, for Piaget, the organism and its structures [53]. But as Apostel has indicated [39], 
it would be possible to integrate the Piaget theory witli the S — R modell by fieans oF the 
scheme. In Piaget’s work, a scheme of action Is established either by a oh of reactions or by a 
sequence of reactions and events; it may be, for example, a simple reflex action of a complex 
behaviour pattern in problem solving. The scheme is transformed by assimilation and accom- 
modation: this transformation is called learning. Confronted by new situations, schemes of action 
which are already functional can be either assimilated or modified by adjusting to the new 


Situation. = 
he complication of a more or less lengthy chain in the form 


i tion of t J s 5 
š It z w D a a cena is not experienced passively by the subject who transforms it. 
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Between the two processes, namely accommodation (which modifies the scheme) and assimilation 
(which alters the object) a balancing process occurs. The latter becomes stabilized when the 
resultant adaptation satisfies the need. In this theory, the need is part of the process of modification 


of the scheme of conduct: it is the conative aspect. The motivation resides within the process, 
and therefore has not been studied in isolation. 


The transformation of schemes is sufficiently concretely defined when it is a matter of the 
construction and co-ordination of sensory-motor schemes in the very young child. It ends in the 
construction of the object notion and schemes of time and space (Piaget, 1961). Beyond this 
stage (at about eighteen months to two years old) when organized speech appears, the action 
interiorizes; it is no longer possible to follow concretely the evolution of schemes and hence their 
learning. It is for this reason that Piaget’s work does not bring useful data to bear on the under- 
standing of the processes of learning as such. But its contribution to the understanding of the 
intellectual development of the child and the adolescent is fundamental for the psychologist and 


for the psychopedagogue. It is particularly so for the teacher of mathematics or of physics, to 
whom it supplies the psychological basis of his teaching. 


Let us remind ourselves of the essentials in the work of Piaget and his school. Their results stem 
from a great number of ingenious experiments which have a bearing on almost all areas of 


knowledge, in particular a knowledge of the physical world. The fundamental ideas are as 
follows. 


(i) The central idea is that of operation. It derives from that of ‘action’ particularly dear to 
the author. ‘Operation’ in the Piaget sense of the term is a mental action. It modifies one’s 
appreciation of a particular object and helps the individual to understand the nature of the 
transformation that has taken place. Here are some examples: show a piece of apparatus to a 


class, classify objects or put them in ranking order. The author calls such simple operations 
‘logical’. 


(ii) Properties of the operation. The operation is reversible, it can function in opposite 
directions, for example — addition/subtraction; join/separate. In this way it makes the building 
of structures possible. 


An operation never takes place in isolation, it is always linked to another. Examples: a number 
never exists alone, it is linked to a sequence of numbers; a class is not isolated, but linked to 
other classes of the division which do not possess the characteristics of the class under consideration, 


for example the positive/negative examples of classes of concept; a spatial relationship assumes a 
space. 


The result is that the operation is always part of an overall structure. The correct role of 
operations is to form systems which are ‘groupings’ in the case of qualitative systems (simple 
classifications, double entry tables, serialized relationships), or ‘groups’ when it is a matter of 


Spatial, temporal, algebraic, geometric, topological structures, etc. These structures are not 
directly observed facts. But their existence may be inferred from the explicit operations of which 
a subject is capable. 


icon ye del a ty systems are developed according to a certain number of chronological 
s > loping in a constant order. The a es of appearance vary ac i the subjects, 
what the experience is s pp ry according to the subj 


OS the instructions, or the cultures. The principles of balance and of 
reversibility are also applicable to these systems. g i 


The stages of the construction of operations are as follows: 


~ sensory-motor stage, about the first 18 months of life 
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— symbolic, preconceptual thinking, beginnings of speech, 18 months to 4 years (on average) 


— intuitive thought — from 4 to about 7—8 years old 


stage of concrete operations, 7—8 to 11—12 years old 


stage of formal operations — from about 11 years of age 


The concrete operations are concerned with objects that can be manipulated, for example, 
classification, serialization, time and space relationships, ideas on number, elementary logic of 
classes and relationships. From this stage of relationships, learning in mathematics and elementary 
physics becomes possible. According to Piaget, the child is only capable of reaching beyond the 
simple observation of facts if he has at his disposal suitable schemes or operations that allow him 
to establish relationships between them. It seems that this stage is covered in two distinct 
phases — Phase A, 7—8 years: formation of concrete operations (classes, relationships, number 
and space) and of the first retentions (conservations); transitivity. Phase B, 9—10 years: achieve- 
ment in concrete operations, conservation of weight, natural coordination of space. 


The constitution of formal operations begins on average at about 11—12 years old. From this 


moment the adolescent begins to be able to reason about propositions, on hypotheses and no 
longer merely about objects. He achieves new structures in two phases — Phase A: operations 
involving propositions, combinations, possible coordination of two systems of reference, 
Phase B: groupings of the four transformations that are involved in operations: negation (or 
inversion) N, reciprocity (or symmetry) R, correlation or inversion of the reciprocal C, which 


with the identical relationship I constitutes the group ‘INRC’. 

The generalization and balancing of the reactions of the preceding stage constitute the final 
stage. Piaget has established the narrow dependence between the acquisition of these new 
structures by the adolescent and the possibility of applying the methods of discerning and of 


proof to physics subject matter [16]. 
Before envisaging an eventual application of these results to the teaching of physics it is right 
to ask if the results have been confirmed by other specialists in developmental psychology. 


8.1.2.2 Critical comments on the work of Piaget 
In so fe ; been translated into English it has given rise to an important pro- 
ieni i p Re ee canted above all on the characteristics of the different stages. The 
work of the ks school lays open to criticism a certain number of methodological criticisms 
(2, p192—193]; they have therefore been taken up again more systematically and in experimental 
conditions which are far more rigorous. ` 

; iati i il in the ages of appearance of the different 

T rtain variations 1n detail in ; 

i oa hane ena that the average child reaches the stage of formal operation 
rather lat aes aie pb 11—12 often quoted. It may well be nearer 14-15 and it is now clear 
that RT e rah this stage. But the results obtained in different places confirm on 
the whole the order of succession retained by Piaget [21], [57], [60], [72]. 

; established are scarcely called > : 
we e the ee pet according to Piaget, a subject who interprets reality can only do 
50 Eh isputed. a ogal pre-existent schemes or ‘operations’ of logic which enable him to 
assimil cage si bs it not be asked whether learning which is in direct contact with reality 
wo oa a, aa frameworks to be established? A certain number of researches are 

uld allow the necessary [55], [62], [82]. Their results are only partially concordant. The 


ai i is directi 44], : : : 
pa ey Aha eee ee training are those which at the starting point found themselves 
eevee aa” that of the acquisition of useful structures of logic. 


at a level approximating to 


ed into question, but his interpretations 
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8.1.2.3 Current and possible application to physics 


Having as the end in view that teaching should be more closely adapted to the pupils, several 
steps can be taken and several directions for research may be followed up. 


(i) The general initiation of teachers to 
currently administered in all school systems. 
physics teachers includes courses on child or a 


up with the stages of mental development. 
An example is furnished by ‘Science 5 to 13° prepared in 


» concrete operations, the start of formal 


as if they were integrated. 


In a general manner, the scale of development must allow for t 


he construction of grids of 
educational objectives which must evol 


ve with the progress of the pupils. 


njunction with mathematics. They aim at 
teaching to young pupils coherence, objectivity on an intellec 


in order to lead the subjects to compare their points of view, to 


and not by simple temporal series, to discover relationships o 
elementary physics. 


(iii) Study of the adequacy of programmes in operation for the ment, 
The critical examination of th 


(iv) Study of the operational capacity of pupils. The standardization of Piaget tests in various 
countries (Canada, France i 


8.1.3 Differential Aspect of Learning 
8.1.3.1 


Psychology of learning 


psychology is all the more regrettable in that the differences between individuals or between 
groups constitute the stumbling block in teaching. If such differences did not exist, educational 
problems would be greatly simplified. The existence of differences between the learning 
capacities of pupils is an established fact, but in order that the relative differences may be 
accurately identified they must appear in the same pupils at the same time. The behaviour of 
pupils must be identified in the course of experiments or tasks which bring out that variable. 
When this is the case, the results of different tasks, differentiated according to the pupils, can 
lend themselves to studies of correlation which are the basis of factorial analyses. Some forty 
studies have been concerned with individual differences in learning [47]. Several are described 
in J.P. Guilford [13]. They show that there exists no general factor of learning. The usual 
conception, according to which intelligence is the general aptitude for learning, does not stand 
up to an examination of the facts. Intelligence and aptitudes in learning comprise a great number 
of different components. Whether they have in common one or several of these factors depends 


on the task or the particular test designed to test intelligence. 


8.1.3.2 Classification of individual differences 
Positing the absence of a taxonomy of individual differences in learning, Jensen [47] proposes 


several methods of presentation: 

istinction between the extrinsic differences (chronological age, 

mental age, intellectual quotient, personality characteristics, cognitive style) and the intrinsic 

differences inherent in the phenomenon of learning itself, which constitute the intersubject 

variability in the learning process. This variability appears in the course of tasks described 

according to a scheme inspired by the tridimensional model of Guilford on the dimensions of the 
fines as follows the three dimensions of the classes of variable in 


intell : en de aaa z 
anae Mass Peete learning, 2) procedures (distribution of the exercise, length of task, 
similarity between tasks), 3) content or modality (verbal, numerical, spatial). 


l. The first concerns the d 


nction between tests and the processes adjacent to the 


oe ET 
2. The second concerns the disti a o c 
patterns of intercorrelations between tasks. The first are designated by ‘phenotypes’, the others 


are ‘genotypes’. 
k i el, the author presents results on sequential learning, the range of 

ao aout oi to us directly to concern the learning of physics. But the model 
proposed by the author and the methodological considerations which accompany it could be 
taken up again for the purpose of a precise analysis of different tasks required in the learning of 
this discipline. Let us note, moreover, an important result stated by the author: ‘in a laboratory 
situation a subject behaves differently between a first experience and those that follow and that 
rmance is integrated with difficulty into the factorial. 


ne initial perfo 
happens whatever the task. O become adapted to the laboratory situation. This 


struc j ds a certain time to a a : l ; | 
rage pe ne value of a number of classical experiments in learning which base their 


results on a more or less short period during which the subject is in a laboratory situation, and 


without exposing him to repetitions of the experiment. 

i i indivi ifferences. They are 
3 ote the sparse results in the field of individua di Í i 
y pa te eee pe educationalists the bases which will allow them to adjust their 
strategies of teaching to the characteristics of learning in their pupils. 
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8.2 CRITICAL ANALYSIS OF WORK IN PROGRESS 
8.2.1 General Psychology 


From all the considerable mass of work, we have extracted some data which it is possible to use 
in teaching: research on the formation of concep 


ts supplies results which are transferable to 
physics and programmed teaching constitutes the direct application of a theory of learning to 
didactics. 


Nevertheless one may well feel astonished 
quantity of experimental work and the relati 


Let us consider a few elements in the argument. 


Animal psychology versus human psychology 


> specialized, complex and 
atively different? 


most frequently, a simplified 
related to physics. 


The subjects. Let us reca 


ll Jensen’s results 
by the subjects in a laborat 


the parts are 


interd 
troubled by the Tganizing knowledge 


problem of o 
of concepts. 


and 


x sformation of a sub 

A ‘ is evaluated b ubject who moves from a 
conditions, state A is often taken as te of performance, In customary experimental 
background history of Subjects, nor of į ent to azer 


va j © state: no account is taken of the 
individual differences between them. An analogy with 
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physics will make us understand the importance of the question. it one wishes to anticipate the 
future state of a system in physics, following a transformation, one must not only know the law 
governing the transformation, but also the initial state of the system, or the conditions at the 
extremities. As regards the teaching of physics, the initial state includes in particular the entirety 
of the previous representations of the pupils. They constitute a system of knowledge starting 
from which new learning will be able to take place. According to Ausubel [2, p127] the existing 
cognitive structure is the principal factor which determines significant learning and its retention 
in the area under consideration. But retention and the phenomena of recall (or memory) are not 
studied simultaneously with learning in experimental research. 


Programmed teaching 


Among the reproaches addressed to programmed teaching let us highlight a few criticisms 
relating to the processes of learning themselves: 

(i) It has been possible to reproach Skinner because his programmes do not produce a 
transfer effect in the pupil who is learning. Education, however, aims at promoting transferable 
responses from school to everyday life, either in the present or the future. . 


; Gi) Criticism is directed at these programmes for not allowing the use of a method in which 
the progression by short discontinuous stages would make all synthesis difficult for the pupil. 


(iii) The champions of programmed learning proclaim that the pupil is active, but in what sense 
is he active? If he only has to supply a narrowly predetermined response, the activity is not at a 
very advanced level. That is why some research, still insufficiently widely disseminated is applied 
to the study activity of the subject while he is learning [71]. Moreover, they use experimental 
apparatus contiguous to programmed learning which allows one to manipulate with precision the 


experimental variables. 


8.2.2 Developmental Psychology 

s theory, operations which characterize a certain stage are organized 

It is that when a child has reached a certain stage he possesses the 
: apé tering every task which implies 

co . He must therefore be capable of masterin ry | 

eee ae pen into play. Experience proves that there exist variations between tasks 

which A formally identical. Piaget himself establishes their existence as regards such concepts as 


substance, weight and volume [61], [74]. 
of Piaget are not oa — a great wma of his aul are 
‘ arpa : ithor has largely drawn on the apparatus and concepts of this 
eon eat tale 2 ae he establishes the birth of logic, the themes constituting a 
means and not an end. The result is that the concepts are chosen in isolation. On the one hand, 
the author does not propose to make an exhaustive analysis of them; on the other he does not 
study the relations between them nor their organization. The object of his work is the acquisition 
of structures of logic, not the building up of a conceptual framework of physics by the pupil. In 
particular, the author does not take account of the behaviour of the pupil confronted by physics. 


ate i in the Piaget sense does not neglect everything which is not 

iii) The study of operations 1n i i , i i i 
WEE and S hich, in the learning of physics, can play a considerable part; in particular 
experimental inferences, understanding of visual symbols, schematization .... 


: ; iaget describes essentially the development of the West E 

Gv) Finally the work of Piage pe! i West European 
Aa A crini to Bruner [7] the cognitive growth of the child depends on its activity, it is 
subordinate in large measure to the cultural and linguistic milieu in which it takes place. 


_ (i) According to Piaget’ 
in complete structures. The resu 


(ii) The researches 
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8.3 PROPOSALS FOR ACTION AND RESEARCH 
8.3.1 Choice of the Learning Situation 


The most efficacious path of research concerning the processes of learning appears to us to be 
research in the school situation or milieu. It is at school that one can analyse the conditions, the 
variety, the nature of these processes as much as the characteristics of the learners, confronted by 
school conditions. It is by following continuously the pupil evolving in his milieu that one can 
better grasp his transformations. Yet each school situation, each school, each class, possesses 
characteristics likely to make their imprint on the pupils. Without comprehensive comparative ` 
studies, strengthened with a precise description of the characteristics, one runs the risk of imputing 
to this or that artifact or to local conditions too important a role in learning. 

It is not because the school situation is complex that we must abandon all hope of discovering 
generalized laws of learning. On the one hand, laboratory research has shown the way towards a 
definition of precise conditions for the manipulation of variables: for exam 
by programmed teaching may well make a co 


ntribution. On the other 
manipulate the school situation in an almost i 


The value of these researches is t 
transform his teaching 
techniques of evaluation 


hat they are immediately available to the educator who can 
in consequence, by modifying his objectives, or his methods, or his 


8.3.2 Description of Physics to be Learnt 


L i cal language, facts 
skills, techniques, structuration of k 
motivation of stude 


i i rds problem-solving. The 
i in respect of different learning si i 
solving, abstract thinkin i i 


3 Y psychological researches 
dete i i 4 
modalities N Tmine the optimum procedures of learning, applicable to the different 


8.3.3 Scientific Language and Communication 
In this connexion a Special para 
one of the most neglected), 
transmission of knowled 
aspects of teacher- 


graph may b 


, including 


; ae French students who had recently finished their 
A physies, those se TEM: numerous difficulties encountered by the pupils 


fic language loomed large. The vocabulary contains 
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many technical words which have no significance for many of the pupils, and descriptions of 
units or words of everyday language which are used in science with a special precise meaning [22]. 
The linguistic difficulties extend beyond vocabulary difficulties. Gardner [65] presents lists of 
logico-grammatical terms, established by Strevens (1972); these terms correspond to notions 
which are sometimes grasped with difficulty by students, for example: causality (because, 
therefore, hence), restriction (only, unless, if, and only if, etc.). The problem tackled by Lewis 
[24, p60—61] would appear to merit studies of different languages carried out by physics, 
linguistic and psycho-linguistic experts. The linguist might be asked to establish catalogues of 
these semantic difficulties [79] and the psycho-linguist to study their impact on pupils according 
to the latter’s level of development, level of learning or individual differences. 


8.3.4 The Pupils 


G) The psychological study in relation to the learning situation 

The area of operations has largely been covered by Piaget and his successors, but less attention 
has been paid to formal operations. It would be more useful to the physics teacher to know what 
the pupil is capable of doing in the subject in terms of the stage in which he finds himself, than 
to know the detail of the operations of logic at this level (Shayer, quoted by Lovell 1974). 
Investigations are needed in this direction, centred on the tasks of learning indicated in 8.3.2. 


This area does not cover all the intellectual activities required for the learning of physics, in 
particular those that Piaget designates as ‘infralogical’ and which concern time and space. 
Piaget does not deal with attitudes, for which we have very little information (for example, 


attitudes towards experimentation and science, motivation). 
(ii) How pupils interpret knowledge before being exposed to the teaching of physics 
Work bearing on several hundreds of French adolescents from 11 to 18 years of age has made it 


possible to bring out the following facts Ra: 
i d i have a certain number of previous pieces of 
(a) Bef teaching takes place, the children ! in num 
Pee es ‘Gen their contact with the physical and social milieu. This knowledge has a 
certain number of characteristics which differentiates it from notions of physics. The pupils 
notions of quality and quantity tend to be oversimplified. For example, they could say that when 


a force is exerted on a body it makes it move at a high speed. 
with age, as predicted in Piaget’s operational theory. 


initiation i i does not necessarily modify 
nitiation into physics, new knowledge r i 
Re A he aee E To justify a false intuitive belief, the pupils use precise but 
irelevant scientific knowledge, OF they seek a compromise between the two. For example: 
(i) spontaneous belief: the pupils believe that a gas or a vapour has no weight; (ii) school learning: 
all bodies have weight; (iii) result: if cigarette smoke has weight, it follows that it must contain 
Solid bodies. 
i i tions as follows: “These preconceptions a 

Aus 336] characterizes these preconcep ; 5 m 
amaa Gere wl resistant to extinction because of the influence of such factors as 
primacy and frequency Decaise they are typically anchored te highly stable related and 
antecedent preconceptions of a more inclusive nature; because they are inherently more stable 
(for example more general; less qualified, expressive of a positive rather than inverse relationship; 
predicated on single rather than multiple causality or on dichotomous rather than continuous 
variability); and lastly because resistance to the acceptance of new ideas contrary to prevailing 


(b) Knowledge evolves 
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beliefs seems to be characteristic of human learning. Some of the reasons for individual differences 
in the tenacity of preconceptions probably include those that are related to cognitive style, to 
such personality traits as closed-mindedness and to self-consistent individual differences in 
generalised aspects of reductionism in cognitive functioning.” 


It is essential to explore the area of these 
inventory of the entire range of erroneous co 
course of learning. 


preconceptions, just as it is necessary to make an 
nceptions subsequently elaborated by pupils in the 


Suitable experimental work is suggested by Berlyne [4, p255—26] Je 


These conflicts already existed in Piaget’s schemes and are explained by Inhelder and others 
[17]. 5 


findings. 
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9 The process of course and curriculum 
development 


mber of curri- 
hich may be of interest to 

ations made by the working 
group concerned at the Edinburgh conference, 


9.1 CASE STUDIES OF COURSE AND CURRICULUM DEVELOPMENT PROJECTS 


This section contains a s; 
curriculum dey 
in the literatur 


mall number of case Studies selected from approximately 100 course and 
elopment projects that have substantial physics content and have been described 
e during the past five years, 


Large Projects at the Secondar 
Large course devel 


countries, Particularly in th 
international scale has 
Among these ar 


Harvard Project Physics (HPP), ¢ 


Y School Level 


> a textbook, teache 


ntial t any as three-quarters of all U.S. 
Ks al num i 
PSSC experiments and films even though t aa Other 


countries as well, use selected 
ow the PSSC syllabus closely [1]. 
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The PSSC text has been translated into several languages, including Spanish and Japanese. The 
adoption of the course by schools outside the U.S. has not always been successful. In a number 
of developing countries, efforts have been made to adapt the PSSC course to the needs of the 
local students. In other countries new projects have been organized that have developed materials 
more suitable for local use. All of these efforts, indeed even course development efforts at other 
levels and in other disciplines, were strongly influenced by the goals and techniques first proposed 
and used by the Physical Science Study Committee. 


(b) Harvard Project Physics (HPP) 


Project Physics was conceived and directed by Gerald Holton, James Rutherford and Fletcher 
Watson with Harvard University as a home base. Several features of this new course initiated or 
helped to accelerate trends in the design of new physics courses. 

Project Physics was a pioneer in inserting a substantial amount of information on the historical 
development of the concepts of physics into a course that also treats the major topics of physics 
in a quantitative manner. In addition, the text includes many discussions of social and political 
factors that influence the behaviour of physicists. Ancillary readers include science fiction, 


poetry and humour. > 
The HPP directors recognised that different students learn in different ways and they wished 
to reach a wide spectrum of students on each of two scales: (1) from amuen with high 
aptitudes for mathematics and science to those with below average aptitudes; (2) from students 
interested primarily in science and technology to those whose interests lie primarily in literature 
and the arts. To accomplish this goal, they not only included a variety of subject matter, but they 
` employed a variety of instructional materials. The course materials include not only studeny 
textbooks, laboratory apparatus and 16 mm films, but also supplementary readers ien contain 
stories about physics and physicists, programmed workbooks that contain descriptions of 
experiments to perform and. problems to solve and 8 mm single-concept film loops that display 


analysable data. ye ee 
Die oe ee s ics employed a testing system that invo ved large numbers o 
randomly chosen secondary school physics teachers who cooperated by providing feedback on 
their experiences in using early versions of the materials. The cea a riage nes i 
Professional evaluators, and the number and quality of publishe ai ‘ a3 ķi T 
effectiveness of HPP materials in achieving project goals and in en ie. oe are: 
of schools and students set a new standard for course developmen a i = AS ay 

i j i ave tried in two ways to avoid failures among schools 
adopting thls ments (1) Preliminary versions of the materials were released only to teachers 
and reviewers who were in close contact with the authors an E ua SPE Se: hie ter nee 
could be fully controlled. (2) No permissions for direct i e = ae se 
into oth pa Se have been granted. Instead, each spore EE ae ea a ae 
TEN a ance of its own that results in an adaptation o : e ad. ene ie 
conditio o : rs effort in Japan was conducted by a a ho A te pee ee 

hoe sag ae in Sophia University in Tokyo. Teachers who trie J 


iti ics c taught 
P ts preferred HPP to the traditional physics courses 
Seer schools repos mra Ryce feels that the time devoted to physics in Japanese 


i enii allow adequate coverage of HPP topics. Thus ćontinued use will 
Schools is not su 
Tequire further adaptation. 
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(c) The Nuffield Advanced Physics Project (NAPP) 


The Nuffield Advanced Physics course [6] was designed for 16—18 year olds of above average 
ability, roughly the same audience as that reached by PSSC. It served as a sequel to the earlier 
Nuffield Physics Project (NPP) designed for students in the 11—16 year old age bracket. The 
fact that this project, as well as other course development projects in the United Kingdom, was 
supported by a private foundation (Nuffield) rather than a government agency provides a contrast 
to patterns in most other countries. 


Course development efforts were carried out largely by school teachers with some help from 


that course development is slow and demanding 
work, and that if results are to satisfy the changing needs of many kinds of students, curriculum 
cess. As a result, some physicists turned to this 
activity as a full-time occupation. Seven different physicists worked a total of sixteen man-years 
developing the Advanced Nuffield course materials. Persons who are talented at this kind of 
he business and are much in demand. 


n England and Wales. This 
5 per cent of the potential 


ation of duplication 
l these topics can be 
(e) The Man-made World 


This course was develo, 


ped in the U.S.A., with i ; i 
by the Engineering Concepts Curriculum Project a rob arse Science Foundation, 
suggests, it is more a course in en, 


might well be elected by second 
represents a trend toward the incl 
of broad coverage of physical 
addition of selected topics on t 
physics or it might mean the 
marine science for a course in 


c toup. As the name of the organizi i 

i s l ganizing committee 

E EEE a Ce ar fee It is included el because it 
A ents in the U.S. inst ics 

usion of material about the applicati rape aes cae 

theories themselves. Į 


tions of physics at the expense 
n the U.S. this mi i 
S A ght take the form of the 
i ae Pa eae oo or the environment to conventions! 
an- 
ia made World 


OF a course in earth, space or 
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(f) The University of the Philippines Science Education Centre High School Physics Course 


The Philippines are typical of countries that have discovered that courses produced in the 
develaped countries do not serve their needs. The University administrators felt a need to 
upgrade the pre-college science experiences of their incoming students and they noted a lack of 
suitable materials on the market. They therefore undertook the task of materials production 
themselves with initial support from the Ford Foundation. The project that resulted is a model 
for cooperative activity on the part of several different groups with vested interests in the 


improvement of science education. 


A total of nine university and high school physics teachers contributed to the production of 
the materials. An advisory committee consisting of textbook authors and curriculum experts 
established policy with regard to curriculum design and publication of the new products. A 
steering committee of scientists and technical experts reviewed the materials and recommended 
modifications in content and level. Ten high school teachers tested preliminary versions in the 
classroom; their comments led to two revisions of the initial efforts. The Science Education 
Centre, a University facility, distributed newsletters announcing goals and progress toward their 
implementation. Through a grant from the National Science Development Board, teachers were 
trained to use the new materials. The Philippine Association of Physics Teachers recommended 
adoption of these texts by the schools. Eventually the texts were approved bya National Board 
of Textbooks. Regional Science Teaching Centres were established which helped to disseminate 
the materials throughout the country. UNICEF funded teacher-training at the regional centres. 

However, the book has been found difficult by many students, and even by some teachers in 
the rural areas. Teachers in schools with limited resources could not construct or assemble the 
necessary apparatus. Moreover, the text fails to match recent national goals and international 
trends. A second physics course was therefore launched. 

i nti es of the first effort, the current project is producing materials 
erae a Lees oi and show the relevance of physics to the solution of social 
and environmental problems. To cope with an acute shortage of teachers trained in physics and 
to meet the needs and interests of the students, the materials are modular and will be taught in a 
Self-paced or small-group format. Very simple equipment will be developed locally. 

erative venture but is now characterized by a high degree of 
aluation. Before any materials were produced, a nationwide 
s, needs and interests of the students and the adequacy 


i f students provide feedback. The 
an iliti ls are prepared small groups of stu ; 
first set of poe a inë tested in ten schools. Clearly this is an example of a developing 


A i i eeds. 
Country using its own resources in an effort to satisfy national n 


The new project is still a coop 
Student involvement and more evaluatio 
survey was conducted to assess the abilitie 


culum 

i é ing their 
ll secondary schools in New Zealand were presenting i 
~ ae mere tien ge per i o examination. In spite of the numerous benefits of this 
ER : eee Pm was designed for a different kind of school system, parts were too 
TSS at was fele iar To t of ‘prescriptions’ (a detailed syllabus) 


é ¢ > Accordingly a new se ) 
a n sheng wae a the PSSC materials continued to be used while new teachers 
ertaken in , 


iptions. 
i i i were developed that conformed to the new prescrip 
guides, visual materials and noon (and incorporated) from teachers, university faculties and 


At each stage comments were he resulting curticulum is strongly influenced by PSSC and still 
erial, but represents local thinking and conditions. This experience 


ddle road between simple adoption of overseas packages and the 


(g) New Zealand Secondary Schools Curri 


Uses much of its resource mat 
May demonstrate a useful mi 
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development of national curricula from scra 


tch. In effect it amounts to treating dissemination of 
the PSSC course in the way insisted upon by 


Project Physics (see above). 
(h) The Scottish National Working Party 


A relatively recent project, begun in 1973, makes use of 
produce materials with special attention to the needs of the bottom 20 per cent of student ability 
range. These materials are assembled, edited, and dissemi 


also organizes evaluation through comm 
interviews with pupils, class observations 
Tequirement for high verbal skills, It attempts to measure long-term growth in a small number of 


east able pupils have achieved remarkable success with 
cepted that the long-term part of the evaluation is 
extremely difficult. 


free as possible from the 


In parallel with this programme is i 
came g another that will ensure that 


s 4 all government. secondary 
equipped laboratories, A A 

and are being dime tes. Fourteen hundred laboratories are now under construction 

Most schools will 


use an interim gs llabus fı i i 
eo eae tsy u rom 1976 until the new courses are ready. Meanwhile 


: } initial trial in ej i : 
and 9. The material will be rewritten and tried in maea a ar Seater iste yeis hie 


year. 

G) East African Secondary Science Project (, SSP) 

Science courses based on the C i 

S ambridge ©: i 

independence but these were not geared she nee sa pat tee et ede, 
the ministries of education j ede 


eds of East Afri i 
` n in Ken i Icans. After independence, 
Educational Devel re Se oad U aborated with the Centre for 
to produce new iets in oO merged with the British Council — 
decisions concert minations, ana tea An international panel makes 


es development tasks between the 
Tite draft materials, 


l panels implement Tec 
The course provid 


e in duplicated form b ndary school. Trial editions of 
printed form by the Jomo K. y the Kenya Institute of E i ld in 
Materials include fou. i ee Foundation ducation and so 


commentary) for pupils and ace 
are now widely used in Uganda fi r 
physics as a separate subject, Or combined phys 


the Ministry of Education. 
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Formative evaluation for the improvement of materials takes the form of weekly comments by 
teachers; these are compiled monthly and circulated to all trial schools. Based on these comments, 
individual teachers rewrite portions of the materials, which are tried out in the form of booklets 
and, after further trial, incorporated in the next trial edition of the complete books. After three 
drafts, definitive versions are usually written by a team of teachers and edited by one person. 


In Kenya, a summative evaluation has been carried out in two phases. In phase one, two 
physicist curriculum developers visited the schools and solicited teachers’ opinions. In phase two, 
pupils’ test performances and opinions were studied. Pupils commented on all aspects of the 
Curriculum. They were also asked to state one thing they liked least about the course and one 
thing they liked best. A large number of teachers were involved in writing the criterion-based 
tests. During a week-long evaluation workshop, attended also by college and university members 
of the national panel, participants analysed the results and delegated portions of the report to 


individuals. 


(k) A Course Development.in India 

A major course development programme in India was undertaken by the National Council of 
Educational Research and Training assisted by Unesco and UNICEF. Syllabuses, textbooks, 
teachers’ guides, and science kits for the primary and middle levels were made available to the 
State Governments to adopt or adapt and translate for their own school systems. An estimated 
20 per cent of schools at these levels use the materials. An evaluation of material as used in the 


field has been undertaken with expert advice. 


Q) The Physics Teaching Project, Brazil (PEF) 

The Projeto de Ensino de Fisica (PFF, Physics Teaching Project) was developed at the University 
of Sao Paulo under the leadership of Ernst W. Hamburger. It began in 1969 without external 
Support. After a preliminary version of the materials was tested with 6000 students the project 
obtained support from FENAME (the Ministry of Education and Culture’s National Foundation 
for School Materials), which also takes responsibility for producing all written materials and 
laboratory equipment for the course. The development staff included university physicists, 
Secondary school teachers, journalists and graphic artists. 

Written materials for the student include a text, study guides, self-evaluation tests and optional 
reading material. Kits for experimental work are simple and inexpensive, including original items 
Such as a sand stô watch accurate to 0.1 second. Teachers’ guides and teacher training courses 
were also deelorea The subjects covered include Newtonian mechanics, electricity and 
electromagnetism. 
; P i ials to be preliminary and are seeking 
Th i r the present version of the materia 
e originators consider P horough and careful revision. 


funds for evaluation leading to a t 


(m) Integrated Science Curriculum Development in the Commonwealth Caribbean 
Si i i loped in the Commonwealth Caribbean; WISCIP (1968—71), 
MONA Homey wise poole SDSP (1972—), Slow Learners (1973—) and CARISO 
(1975) ain ae intended to be used in years 4 and 5 (pupils aged 14—15), while all the 
Others are designed for use in years 1, 2 and 3 (pupils aged 11—14). 
jects, WISCIP, financed by the government of Trinidad and 
we “lee a eae ere growth in the number of secondary schools, which caused a 
demand for nee ee that exceeded the supply. This course was aimed at the needs of the 
Pupils fame ability or better, while the two following projects, MONA and WISC were 
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designed to serve a wider ability range. Teachers contributed to the 
has a adopted in twelve other countries including three in S 


9.1.2 Projects at the Tertiary Level 


(a) The Berkeley and MI T Physics Courses 


and up-to-date introductory colle 
The Berkeley Course is typical of this group. 


of phenomena, whi 


le a “project laboratory” 
selected by one stu 


dent ora pair of Students, 

A trend that the design of these cl 
one-year introductory physics cours, 
of a two-year course requires that s 
tertiary institution, whereas until 1 
until the second college year, 


ourses reflects is the movement towards two-year rather than 
es in U.S, colleges and universities Naturally. the introduction 
tudents begin their Study of physics during their first year ina 
960 it had been normal for many of them to postpone physics 


The publisher played a strong r 
the materials were distributed with 


aterjals, Preliminary versions of 
A t F y versi 
Office of Education supported Summer sty © over 100 interest, 


hers were given an 
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Opportunity to become familiar with the philosophy and teaching techniques recommended by 
the project directors. 


Many other courses developed during the past ten years have attempted to provide science 
literacy to non-science students. Not all are inter-disciplinary, though many are unconventional in 
their physics content. Not all were designed for exportation; many were created for special 
groups at particular colleges, but few of these survived beyond the day the innovator stopped 
teaching the course. However concern for reaching the student who is uncommitted to science 


has dominated college physics innovation since 1964. 


(c) Physical Science for Non-science Students (PSNS) 
Conception and planning for the PSNS course were novel in that they were initiated and guided 
by government supported professional organizations, the Commission on College Physics and the 


Advisory Council on College Chemistry. Major conferences were held even before the project 
staff members were identified; during these conferences the philosophy and content of the 


Course were outlined. 

As soon as preliminary course materials had been tested and revised, the course leaders held 
briefing sessions for publishers and apparatus manufacturers, invited proposals from them for the 
Promotion, production and marketing of the materials and assigned the task of proposal review to 
the Project Advisory Board. This procedure worked well and has since been used by other project 
leaders [9]. 


The publisher invested heavily 
the scheduling of one-day workshops 
teachers with the course materials and recomme 

This was perhaps the first overnment-supported college-level science course designed with a 
Particular ee Pa in wind, in this case, elementary school teaching. The course was also 
unique (at that time) for two other reasons: (1) the laboratory materials were fully integrated 
with discussion in the text, (2) the course content was restricted to a narrow range of topics all 
related to a single theme (the structure of solids). All of these features have been built into other 
Courses since that pioneering venture. 


in promotional activities. One of the most effective tactics was 
led by project staff members to acquaint prospective PSNS 
nd instructional techniques. 


(d) The Open University = 3 

Th EEEE ited Kingdom teaches mature students (over 21 years o age) who 

kek pon se sia T E offered are produced by teams of academics, educational 

dedi cht ig “ee le vision producers. The academics represent many disciplines and work 

full ti gists and te se materials for the Open University. The courses consist of multi-media 

Se i ine bodl sion programmes, audio-tapes, home experiment kits 
udi > 


radio and televi 
and group instruction during summer periods. l l 
The use of Open University materials ranges from wholesale adoption of entire courses to 
rae: P 
limited use of specific component 


s. As an example of thè latter, lecture courses are now being 
built around sets of Open University TV programmes made available on film. 
5 i United Kingdom are now enroiled in the Open University. This 
wet 50 000 big ok” ne d by Empire State College in the state of New York, U.S.A., 
as W 1 mag ge pas and other nations. The expansion of more effective systems for 
divenn Dy ena t adults and other non-traditional students represents an important trend 
ins 


and presents a challenge to teachers of laboratory-based subjects such as physics. 
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(e) Physics Syllabus for a Three-year Course offered in Indian Universities 


Some universities in India have adopted a new three-year programme. The students who — 
this programme have completed twelve years of schooling, ten in elementary school and two i 
secondary school. The three years of work toward the B.Sc. degree includes twelve major 
examination papers, one on each set of topics in the outline below. One of these offers an option. 


First Year: Thermodynamics and the mechanical properties of liquids 


Electromagnetism and electronics 
Optics and quantum mechanics 


Second Year: Optics, statistical physics, thermodynamics and radiatións 
Electromagnetism, solid state physics and electronics 
Quantum mechanics, atomic structure and nuclear physics 


Third Year: Quantum mechanics, spectroscopy and X rays 
Solid state physics and electronics 


Optics, electromagnetic theory and relativity 
tatistical physi 


cs, mean free path phenomena and thermodynamics 
Nuclear physics 


Optional paper: 


Indian B.Sc. degree 
parate exam for mathemati 


> D€cause maths is integrated into 
exhibits a spiral a roach. For example, 
quantum mechanics is treated in ; i 3 


years, each time at a higher le istication. 
Finally, the historical order in whi i a ot sophisticg 


initi - f physics evolved and t ‘ of their 
initial presentation has been abandoned whenever a different he manner 
results in grea implici i i 


from Professor V.G, Kher of the In 


imited Goals 


2nd supported by a state department 
SSociated with t 


f is project in addition to 
ever hired, Fi 


Y establis} l objectives for 
nt com etenci a ural g yee ae 
pre- and post-tests to assas Oy meas pe ma cere | comprehensiongs and by instituting 
This effort to sol j 


ve a Particular robl i ifie 
managed and supported by regional groupe aoti 
in state schools. may well be a model 
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increase in the use of these materials and the favourable reports of independent evaluators suggest 
that this model may lead to success more often than efforts to use the output of large curriculum 


projects to satisfy the needs of local schools and their students. 


(b) Higher Education Learning Project (HELP) 


This project is representative of another new trend among physics educators: the introduction of 
improved teaching methods rather than the production of still more new materials. Project staff 
members, all university professors. try to identify teaching problems, design solutions and study 
new problems introduced by the solutions. They have focused on enhancing the responsibility of 
the learner for his or her own progress and a major effort has been to increase the amount of 


productive contact between learners and teachers. 
Spread of the successful methods identified thus far has been accoinplished primarily through 
informal contacts among colleagues. Evaiuation techniques include interviews with students, 


classroom observation, questionnaires completed by students and faculty, analysis of test results 
produced by both experimental and control groups and study of videotapes made during 


classroom sessions. 

With regard to the methods themselves, one that shows promise is the use of some class time 
for skill sessions [10]. These are organized problem solving sessions during which small groups 
of students attack prescribed problems designed. so that specific skills must be known or acquired / 
if success is to be achieved. Clearly the conception, dissemination and evaluation of methods like 
these will make demands on curriculum innovators very different from those they have become 


familiar with while attempting to produce new texts and laboratory materials. 


(c) Iniziativa Relativita 

In Italy a group of university professors and school teachers representing several cities assessed 
the possibility of teaching the concepts of special relativity in Italian secondary schools and 
ultimately produced materials for doing so. The general aims of the group were as follows: 
(1) to discover a didactic approach to special relativity suitable for Italian secondary schools, 
(2) to decide on the necessary related curricular changes, (3) to select existing teaching materials 
Bivtadstent aust tea reult oft) and (2), (4) to produce new materials such as notes for students 
and teachers’ guides, (5) to test the materials in the schools and to abtain feedback from them, 
(6) to prepare evaluation instruments, (7) to conduct a controlled evaluation of the programme. 
To refine and implement these aims seminars were held. These involved 60 school teachers and 23 
Professional physicists from nine universities. 


_ Since 1972 attempts by 25 teachers to use 
is indeed rewarding to teach bec 
Some of the materials develope 
evaluation involving the same teac. 
classes and control classes were star 


the materials have indicated that special relativity 
ause it arouses intense interest among both students and teachers. . 
d by project personnel were tested during these attempts. An 
hers and offering courses in successive years to experimenial 
ted in 1973—74 and is still under way. Twelve experimental 
classes and twelve control classes containing a total of about 600 pupils have participated. 


Preliminary results are encouraging. Additional information avout this project can be obtained 


from G. Cortini, Istituto di Fisica dell? Universita, Rome. 


9.2 GENERAL CHARACTERISTICS OF PROCEDURES USED BY COURSE AND CURRI- 


CULUM DEVELOPMENT PROJECTS 


A survey [11] was conducted to gather facts about procedures used by those projects large 
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enough to be listed in the International Clearinghouse Report [12]. The number of responses 
was only eleven, but even among these few certain trends could be discerned. 


9.2.1 Project Origins 


Most ongoing projects were initiated by college and university science faculties. The next most 
common prime movers were groups of scienc 


e teachers in the schools, In isolated cases, projects 
were conceived and launched by university administrators, a professional teachers’ association 
and a State Board of Education. Most respondents described as the primary motivating factor 
a sense of dissatisfaction with the science materials available at particular levels, in particular 
disciplines or for particular groups. ` 


materials with modest irector who i 
I r adv 
in the results this tactic produced. verused fo 


Staff members w 
full-time for period 


The project directors’ views on the ý 
j i value of advis a 
that their committees met often an OTY committees varied’ wide] rted 
consultants contributed little d gave valuable a y. Some asse 


dvice, Oth : A 
to th i ers admitted t d 
operational procedures. e quality of the final materi hat advisors an 


als and to decisions concerning 
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Every project director arranged for pilot tests of newly generated materials before putting 
them in final form. In a few cases, these tests were carefully planned and the results were 
thoroughly analysed using valid statistical procedures. More often the tests were conducted by a 
few staff members or their colleagues and the assessment of results was largely subjective. 
Nevertheless the testing did lead to revisions. Two complete revisions were reported by most 
project directors; one revision and three revisions were each reported by at least one project 


director. 


9.2.4 Communication Channels with Prospective Users 


Almost every project resorted to a newsletter as a primary method of disseminating information 
to prospective users. Another communication channel heavily relied on was the science teacher 
association journal. Some project directors also managed to attract the attention of the public 
press. Brochures, some prepared and distributed by the publisher, were used by several project 
directors. 

Most project directors did not rely exclusively on the printed word to carry their messages; 
direct contact with prospective users was strongly advocated by several. Useful techniques 
included summer and in-service institutes, short workshops, visits to schools and talks at meetings 
of professional societies. Most, but not all, project directors distributed sample materials to 
potential users while the materials were still under development. Some pursued this form of 
advertising vigorously while others simply complied with requests. Some projects made use of 


16 mm films professionally produced. 

A question answered very differently by different countries is “who makes the decision to 
adopt or not to adopt new course materials?”. In the U.S., such decisions are almost always made 
at the local school or school district level. At this level the decision is shared in different 

] principals, school faculties and individual science 


TO i ards, schoo es and 
Poem among school. BS ported that the “decision lies between teachers 


teachers. t in the United Kingdom re c 
and easa egs ie i financed schools, between teachers and local government advisory 


staff for publicly financed schools.” 
i i trolled by the Ministry of Education 
InI hool curriculum is completely con ry i 
throush $ bete poes de of university. and secondary school teachers and ministry officials. 
The tivari curriculum used to be the sole responsibility of individual departments and 
colleges but i t years national committees have been set up to make detailed recom- 
eavhich vill pi the university curriculum as well under national control. 


mendations which will probably bring a 
ntral government coordinates and stimulates the activities of the 


h of which develops its own secondary school curricula which 


i ince. tbooks are published and other 
are i ly throughout that province Tex an 

mer a T ME, basis under provincial control. Heavy emphasis is placed 
on E training, for which purpose Education Extension Centres have been 


established in each province. : : 
ors reported that the publishers of the final written materials played a 


ials: id thi inimal and one even claimed 

la i i he materials; most said this role was minima i a 
Fegan ee promotar he to promotion. Professional societies received only slightly 
inher oa geen = promotional efforts. Most of the positive comments in this context 
Telated to ‘the traditional society roles of publishing written progress reports-in their journals and 
Providing a oe for oral reports at their meetings. It appears that societies rarely took a stand 
for or against adoption of particular materials. 


By contrast, in Pakistan the ce 
four provincial governments, eac 


Only a few project direct 
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9.2.5 Diffusion of Materials 


The reports we received came largely from projects that had been in existence for about five 
years. In every case except one, the number of copies of the m 
more than one thousand and less than 30 000. Help, 
‘effort came from numerous sources. Financi 


ranked on the top of the list of givers. Techni 
small contributions to some projects. 


Most project directors believe that prospective teachers of their new courses do need retraining 
before they will be prepared to use the new material 


S competently. Retraining is generally ` 
provided by the project in one format or another. 


third show continuous decreases from some maximum nu 
the materials were released. 


9.2.6 Project Reports and Evaluations 


evaluators who were not 
attitudes: three tested stud 
remainder were little more t 


regular project st 
ent performan 


tests using c 
han collection: 5 


a Ontrols of some kind: the 
S of opinions, 


9.3 STATISTICAL DATA ON COURSE DEVELOPME 


Curriculum developm 
projects that have be 


NT PROJECTS 


organized in the United States or 
document this assertio ese datz à c 

> a 
possible that reports of pro; i should be int 


taken. 


The survey of literature on Physics 
Conference on Physics Education Was si 


Education prepared 
development projects. Among authors fro 


for the Edinbur h International 
earched for articles describi 8 erna 
ng course ; vülutn 
m the U.S.A., the Uni 8 course and curriculu 


ited Kingdom ana other countries, 
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the distribution of relevant published articles among elementary school projects, secondary 
school projects, tertiary school projects and evaluation projects is as shown in Table 1. 


Primary Secondary Tertiary Evaluation Total 
U.S, 0 52 90 30 172 
U.K. 0 20 1 5 36 
Other Countries 6 40 20 13 79 
E 12 121 48 287 
Table 1 


A similar analysis of the projects listed in the Eighth International Clearinghouse Report 1972 
[12] yields the data shown in Table 2. 


Primary Secondary Tertiary Total 
U.S. 14 27 18 59 
Other Countries 0 2 eB, = 
Total 714 49 19 82 
Table 2 


9.4 INTERPRETATIONS OF THE DATA 


9.4.1 The Motivations of Curriculum Developers 
New c ee, developers accomplish much because they have gleams in their eyes. 
ost BE sc Pa by carefully collected evidence that there are unmet needs. 
Projets. ar fic proven defects in earlier courses.| Individual 


to correct speci i ' l 
disenchanted with current science teaching, they 


They are usually not planned 
tists, become 


Scientist of scien r : Å 
create ep baon oemei and they sell their ideas to those who must be convinced of a 


i ialize and achieve acceptance. There is little 
need fo z r ew conceptions are to materialize i i 
evidence heat kaon are aned in response to an identified need or developed according 


to an optimum or even a rational procedure. 
Whi d es of projects planned and executed by committees, it is clear that 
hile there are exampl P onfidence in those projects that result from the impulsive 


Science teachers themselves have more © 1 C n 
actions of outstanding individuals. If better projects can be conceived and managed in a systematic 


t to discover the rules that would guide this activity in an 


and organized manner, we have ye les thi ide 
unambiguous way. However some useful hints are contained in an entertaining paper published 


by the MIT Education Research Center [13]. 
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9.4.2 The Dissemination of New Materials 


few projects are 
to the developer that an 
nting results. 


ponse to a clearly identified truth problems differ from 
Place to place and time to time, so solutions must be sought separately in each locality and 
Tepeatedly as time passes. 


9.5 RECOMMENDATIONS 


oon Ee sib Ticulum and course reform, the innovator should be clear as to why 
atterns, including the ae as Te: (1) expansion of the Subject, (2) changes in employment 
Pate ee alisw ele Wy teachers, (3) changes in student wishes (perhaps broader courses; 
particularly those of the ioe ae ee courses making reference to technological changes, 
physics, (5) adaptation o to Aip changes in the ability Tange of the students who study 


f courses to other cult 

oth ures and to other student i 6) the 
development of new courses for new ‘nstitutions, (7) the needs of the nati E e the 
government or the peopl ol Programmes might py 


e. In additio 
Eno need to be developed to take 
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into account differences in teacher backgrounds and an increasing understanding of how children 
learn at different ages. As well as the above reasons, which may be broadly categorized as 
responses to external pressures, there are more personal reasons: (1) missionary zeal to do a 
better job and to attract ‘converts’, and (2) the desire to perform research into the process of 
education for its own sake. 


2. There should be more consultation between the innovator and other interested parties. 
Faculty colleagues should be involved not only in deciding on course objectives but also in 
criticism of the method of teaching various topics. Some institutions have successfully mounted 


courses produced by teams of teachers. Students have been found by many to be active, discerning 
ign. Consultation with industrial 


and helpful members of committees that undertake course desi onsultatior f 
employers is sometimes appropriate. At the school level, teacher participation is to be sought in 


order to increase the acceptability of the programme. Experienced psychologists, educational 
technologists and evaluation experts: may be helpful. Service courses should be genuinely 
responsive to any needs specifically indicated by the departments to be served (chemistry, 
engineering, etc.). 

3. It seems as though there will be increased need for physicists to offer courses for non- 
science students in universities. It is recommended that the subjects covered in such courses 
should concentrate on current problems, topics that professional physicists find exciting at 
present or social problems to which experiment and quantitative thinking can be applied. 


4. Comparison of large curriculum innovation 


strengths and weaknesses. Large efforts can chang : l 
region and may produce higher quality materials. It is unlikely, however, that any one nation 
should encourage a proliferation of large expensive projects. There is, on the other hand, always 
à- case for encouraging small efforts: They, are more easily controlled and fitted to the local needs, 

st fidence and initiative. It is recognised that in some 


and they hel evelopment of teacher con > 
countries see pe had pred and have little time or resources. Such teachers should be 


encouraged to make use of materials and ideas generated by large projem but they should 
always be prepared to select them with care and to adapt them to local conditions. 

ions, governments and other national bodies should stimulate 
by offering support for local course and curriculum development 
sity faculty and from professional societies is often 


efforts with small ones shows complementary 
e the entire context of education in a nation or 


5. International organizat 
teachers to create materials £ 
efforts. In addition, support from univer: 
Crucial. 

rials should be assessed thoroughly by objective evaluators 
on s eee eel on a large scale. However, while the process of nee 
Curriculum development will usually have salutary effects on instruction, me te no a 
that new course programmes will always produce marked improvements in stu TR Spee ery 
good results tan e obtained by exploiting the enthusiasm of the aveDRa but a ae ps are 
usually local in space and time. While optimism about what can be ge shou FA inue 
unabated because this results in real benefits of its own, hard evidence that pode Pica 
course is superior to the one it replaced is usually non-existent, in fact, it may be impossi e to 


Obtain. 

i their own courses. This can be done in 
Ti uraged to obtain feedback on the i 
aia ona i i participant observers, (2) discussion with students, (3) pre- and post- 
tests Wa ae formance in continuous assessment, (5) confidential questionnaires issued 
ey re the course in which students anonymously comment on the difficulty and 
2 8 


interest of the course. 
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8. Large projects might be encouraged to produce their materials in a form that lends itself to 


the creation of small modules which can be selectively accommodated to local needs in many 
different regions. 


whole. Changes should only be undertaken in consultation with the teac 
likely to be affected. 
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9.8 APPENDIX 


Questionnaire for a survey of curriculum development projects 


The fo i i ere prepared as a means of collecting information about course and curriculum develop- 
mert ue Leen obtained was used in the preparation of the paper on which this chapter is based, 
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A. Project Origins 


i 


N 


4. 


Did the idea and organizational efforts that led to the organization of your project E a 
RAR student users, their teachers, academic scholars other than the teachers of potential stu: : 
toe academic administrators, nonacademic individuals or groups, or persons in some other category 

of educators? 


What primary motivating factors were responsi 
ject by the project organizers and directors? 


Was early support provided by some organization or institution, and was this support essential to the 
organizational efforts? 


ble for the large amount of energy invested in this pro- 


What earlier curricula (e.g., PSSC, Nuffield) have influenced your curriculum, and tó what extent? 


B. Selection and Utilization of Staff 


Li. 


N 


E. Diffusion of Final Materials 


1, 
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What tactics were used to identify productive project staff members? Do you regard these tactics as 
unusually successful? 


During what time periods did staff members characteristically contribute to the development of pro- 
ject materials: (1) full time for one or more years; (2) full time duri 


uring summers only; (3) part time 
during one or more calendar or academic years; (4) some combinati 
time periods? 


Was most of the successful development accomplished by a few individuals or did many persons make 
major contributions? 


Advisory Groups and Materials Testing 
i 


What kinds of advisory structures were created to assist the Project director in establishing policy and 
reviewing preliminary materials? 


What kinds of responsibilities did these advisory groups accept, how often did they meet, and how 
effectively did they function? 


What kinds of arrangements were made for 


How often were you 


classroom testing of Preliminary editions of materials? 
by feedback obtaine 


r materials revised and to what extent were the nature of these revisions influenced 
d from classroom testing? 


Communication Channels with Prospective Users 
Ja 


What methods, such as new. 


sletters and an 
users to the availability of 


¢ announcements in journals, did you use to alert prospective 
your materials? 
Were preliminar 


y Versions of your materials made 
how many user 


available on request to Tospecti ? 
'erials ect sers? If so 
s were accommodated in this way? È o ' 


What role did the publishers and distributors oft 
motion of your materials? 


ur materials play in the pro- 
What role did professional sı 


Á ocieties and internationa izati ; i Pus ps A 
mation about your materials? nal organizations play in the dissemination of infor 


Approximately how m 


) any copies have istri PE T f 
materials were intended? Pies have been distributed to the types of institutions for which the 


i) 


Project Reports and Evaluations 
L 


tu 


4. 
Characteristics of your country 
L 


to 


i) 


Curriculum development 


How much support and encouragement have you received from 
(a) the government? 

(b) universities? 

(c) technological and technical institutions? 

(d) professional associations? 

(e) science or teachers’ centers? 

(f) industry? 

(g) others? 

(If any of these have been ac 


What non-print resource material 


tually obstructive, it would be helpful if you could indicate this.) 
s, integral to the curriculum, have been made widely available? 


Is re-training of curriculum users considered necessary for proper use of the materials? If so, please 
estimate the rate of re-training and give some indication of how this number relates to the total 
target. What sort of organizations provided and arranged the re-training? 


The rate at which schools adopt the programme is not always positive since some schools may subse- 
quently abandon it. It would be most helpful if you could guess at the form of the graph that might 


result if you had the data to plot it (do not attempt to be precise). 
100% of target 


no. of schools 
using the 
materials 


3 4 5 6 7 8 9 10 
Years from date of diffusion 


N 


0 1 


Add any comments you can that would explain the form of the graph. 


Was a complete final report of project procedures prepared and if so, how can a copy of this report be 
obtained? (Please send a copy if that is convenient.) 


How widely have project reports been disseminated? Have they been published? If so, where? 


nducted to determine 
taff or independent evaluators? 


Was a formal evaluation co the extent to which project goals were achieved? Was 
this conducted by project s 
What evaluation techniques were employed? 
How widely have evaluation reports been disseminated? Have they been published? If so, where? 


Give a brief statement of the national goals as seen by the country’s statesmen (insofar as that they 


are of concern to educators). 


of the educational system in the countries, regions, or areas relevant to 


Briefly outline the nature 


your project. 
and 2 above, give a brief statement of your perception of the needs and priorities which 


In relation to 1 é $ re 
n designing and implementing your curriculum, 


were of concern i 


141 


10 Diffusion of innovations in physics education 
into national systems 


10.1 NATIONAL SUPPORT FOR CURRICULUM REFORM 
There are a number of sector: 
introduction of curriculum g The degree of centralizati i i ies 
ministries of education are likely to be involved t tee Stig Ut in all countrie 
obstructive as they chéose. 


and, the Ministry of Education 
the Nuffield projects, but in 


Science Proj A 
A different situation is seen in the United States wh oject (SSP) with 


éte the Net international cooper in 
funded large projects such as PSSC, Project Physics , Taam Science Foundation (NS 
(ISCS), but Hurd [9] describes how the ete and the Integrated Science Curriculum Study 


trying to direct the curricula 


Was anxious to avoid 
improvement’ and the implement 


of schools, The task initially was 


any suggestion that it was 
ation of reform was apparently left 


limited to ‘course content 
as a local matter [9, p66, 991- 
E tom eee few, university scientists have very 
ity and Project Physics, py oivetsities May initiate a project, as 
chee lorida State University and ISCS, and 

ablishment FY orm project. The desire of PSSC to 
n immensel Aa evelopment -team of outstanding 

served all later projects. But by 1963 a H ely valuable course, ideas from which have 
US Office of Education d pe nas noticeable in the views of the NSF, and the 
involvement of teachers [6, p63—66]. T ational meeting that there was a need far greater 


ea P 
chers were heavily involved in their later projects, 
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Project Physics and ISCS [3 and 18]. In the Philippines there was close understanding between 
school and university and in the Nuffield projects there was a particularly happy partnership 
between the university scientist and the school teacher [6, p67—74]. 


Industry can play a valuable part in overcoming. some of the difficulties encountered in 
curriculum reform. Together with universities and technical activities centres, industry can help 
in the design and manufacture of apparatus. Good examples of such cooperation can be found in 
India, Kenya, Lebanon, Mexico, the Philippines and Turkey. In such projects as PSSC and 
Nuffield, commercial manufacturers collaborated closely with the organizers. 


Industrial concerns have a vested interest in the scientific preparation of young people. One 
example of the help they can give to implementation of new programmes is the set of films for 
teachers financed by Esso Petroleum for Nuffield Physics: these films introduce teachers to new 


apparatus, giving them confidence in its use in the classroom. 


Science teachers’ associations have not been much concerned in curriculum reform until 
recently. The United Kingdom is exceptional since its Association for Science Education (ASE) 
was much involved in the initiation of the Nuffield projects [13, p304]. Its meetings and 
publications have also been most influential in the diffusion process. The Science Teachers 
Association of Nigeria is involved in the actual development process and is reaping royalties from 
its integrated science course which enable it to plan further developments. 

Examining boards, where they exist, can play an important part in curriculum reform. They 

can impede development; they can, on the other hand, be a powerful influence assisting reform, 
as has been repeatedly stressed by Professor Eric Rogers [21]. Nuffield [6, p73], SSP [12, p50] 
and the New Zealand project [13, p326] all worked closely with examining bodies. By contrast, 
India attempted to introduce the PSSC course without changing the form of traditional 
examinations with unfortunate results. CHEM Study is in difficulty in Western Australia for the 
Same reason. 
: ? ll have an intimate interest in 
Tea i blishments and teachers’ centres a i t i 
TE ie ee i certainly play a large part in diffusion of information about develop- 
ment work [3, 5, 7, 14, 15, 19 20 and 22]. Finally one must not forget the communications 
media oh ‘help can certainly be solicited in the diffusion process. In fact all the sectors 
mentioned above can play a valuable part in this process. 9 


10.2 WHAT HAS HAPPENED TO THE BIG PROJECTS? 


; . igh schools in the United States it is giving way to Project 
sae Itho e fe sil ee: at college level. It had considerable influence overseas in 
such coiii: E "Greece Israel, Italy, New Zealand, Norway, Spain, Sweden, U.K., Venezuela 
and Y ; i 31 1 323]. Even if this is simply because there was nothing else available in 
ee i lot for PSSC that it has continued to flourish for 


d, it does say a : Se ae 
961 when a course was neede ing that certain conditions were satisfied (such as 


Si a a C without ensuring t CE} . 
pe mi intradi P and without considering local circumstances. The advance on 
re- 


earlj $ t and PSSC did not survive as such in India, although some parts of 
Arhor teaching was foo Mag h as the locally manufactured kits of apparatus and the films. 


thi i d, suc 5 
saat a pei successful with PSSC, which proved useful at college but not high 


School level. 


The humanistic flavour of 
as they come more and more 


Project Physics is likely to have growing appeal, at least to teachers 
to recognise a need to put a greater affective component into their 
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(Gi) The teachers hear about it. 


(ii) The teachers like it. 


They feel it meets a need and 5 


uits the pupils and Conditions, 
(iii) The teachers fee] they can teach it. 


They believe they will not feel j 


(iv) The teachers believe they will be helped to teach it. 
They believe there will be su 
centres, etc, 


> Lie Nuffield Junior Science project. The 
Project faded int 3W isol project. 
stage (v) was not reached. ° a few isolated cel 


Is of activity [26]. Clearly 
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What happened about stage (iv)? The project lasted for only three years and after that there 
Was no one around to help teachers. In one respect the project was outstandingly successful 
because it initiated the teachers’ centre movement in the U.K., but at that stage the staff at the 
centres were probably inadequate to look after a thousand teachers. Stage (iv) was not reached. 


Stage (iii) then? Primary school teachers are scared of science, and the teachers’ guides for this 
course were most unstructured. The teachers were afraid of an unpredictable teaching-learning 
situation in a ‘hard’ subject, although the project team believed that their methods were the very 
Ones which would solve the problem. They seem to have been wrong. 


Probably not even stage (ii) was reached. There were repeated pressures to provide work cards 
and kits and the director, G.R. Wastnedge, says ‘“‘we resisted the pressure”: He should have known 
that shotgun weddings rarely work. For teachers to ‘like’ a course they must understand and 
accept its philosophy. Science 5—13 is a project which picked up where Junior Science left off, 
and began by stating objectives to help give teachers this understanding. 

For Nuffield Junior Science it is even in doubt if stage (i) was achieved. The staff consisted of 
One organizer for three years and six other people for two years or less. Preparing, testing, 
revising and publishing materials while working with a thousand teachers in nearly fifty areas 
Could hardly have left much time for telling the nation about it! 

The conclusion is that the project was too small; lasted for too short a time; the staff was too 
unwilling to compromise its ideals; and they took on too much. 


10.4 SUGGESTIONS FOR ACTION 


It is axiomatic that planning for implementation should begin at the moment of conception of 
the project Although we shall examine each of the stages (i) to (v) in order, planning for them 


las to proceed simultaneously. 


10.4.1 Stage (i): Giving the Teachers Information ; 
A co-director of Project Physics believes that in the beginning survival counts. Curriculum 


innovation should be introduced quickly in a way that shows it eh prs will soon f: or of 
interest [22 p557]. Most NSF funded projects issue newsletters [17, p : ]. Some Poe A ait 
believe in free dissemination of the trial materials until they have been shown wor i ectively, 
and Nuffield angered many by its secrecy over its trial materials. Conversely, a conference in 

Ontevideo (although not quite in the same context) recommended the dissemination of 
Materials from the various work groups: the objectives and evaluation procedures, the units, the 
banks of test items, the papers that never get into final print, and nearly everything else 
[25 p94—96]. As ISCS found out, large development teams are valuable for posu relations [3] 
and it makes.. ood sense to train teachers to diffuse the innovations. Project members can 
contribute to samal and area meetings can be held, while Government information services are 
Usually willin : to arrange radio or television interviews. An information officer or PRO would be 
invaluable oh roject. Meanwhile the headquarters team needs feedback about the extent of 
Changes in teach behaviour, although this is difficult to obtain ona large scale. During trials of 
the Introductory Physics Course (F-NUN) in Slovenia, Yugoslavia, teachers attitudes were 
Surveyed after one year with the following results: 60 per cent were willing to cooperate further 
under the same conditions as before; 30 per cent were willing to cooperate conditionally if there 
Were a better supply of teaching aids, if there were less work and if there were more pay; 


10 per cent were not willing to cooperate any longer (mainly for personal reasons). The project 
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has been comparatively successful in collectin 


g other feedback and for this it paid smail sums of 
money. 


10.4.2 Stage (ii): Giving the Teachers what they WILL Like 


This is not necessarily the same as ‘what they ask for’ or what they think they would like. 


Finding out in a pre-project survey what a cross- 
towards getting the country on the side of the new c 


p t know how to wo; i 
adopt curricula not associated with a textbook: j vork without one, 


adopt-the whale l book they are fairly ready to 
is all about while using it. 

10.4.3 Stage (iii): Giving the Tea 

This is probably the 


to crack i 
Glee idiy bad teaching practices iei CK as widespread lack of con 
schools if it had been ¢] 


chers Confidence 


F-NUN of Yugoslavia 
(a) introductory course, (b 
month he decides whether he will 


146 


Diffusion of innovations 


two months he decides whether he will cooperate by preparing, for extra pay, five class experi- 
ments during the year, (e) throughout the year he decides whether he will cooperate in a local 


group by preparing a teaching package. 


Participants are not pressed for unreasonably quick decisions as measurements have been made 
of average reaction times of teacher, school and local education authority. Positive reinforcement 
1s considered important and everyone who decides to participate must be successful. The 
headquarters team or outside circumstances are blamed if anything goes wrong, never the teacher. 
This is difficult to operate, however, and requires a lot of personal contact. 


There should, of course, be continuous interaction among schools, training colleges and 
universities, and another means of giving teachers confidence is through teacher education. A sad 
fact is that many teachers are entering the new system trained in the old ways and clearly not 
enough teacher educators have been reached by the projects. The number of new teachers is small 
Compared with the number of practising teachers, but it does seem to be a waste of the training 
Period. Any effort from the innovators to reach all the teacher educators would be effort 
efficiently spent, because of its multiplier effect, a term that should be the watchword of the 
Curriculum implementer. Getting the teacher educators on to the development team is crucial. 


Rutherford and Keohane agree that the cost of re-education for a new curriculum will be many 
times larger than the development cost. Keohane stresses the need for an after-sales service and 
Rutherford says that no funding agency should consider a proposal unless it includes explicit plans 
for coping with the related teacher education problem [22, p556 and 13, p308]. 

A stron inion holds that the numerous short courses have not been effective. An 
Prati b a is the type of handbook put out by SCISP and ASEP (for example, 
Getting to Know Integrated Science). It is a sort of seminar programme/workbook and could be 
used in area meetings of a few days, or in self instruction. 

j tinuing success depends on constant input from the head- 
Mat iA ee TaS has ballt iE her education into its books. Rutherford [22, p562] 
Suggests an autotutorial approach, which would also be designed to reach the teacher educators. 
In fact, this is the basis of the methods used by the Unesco/UWI Teacher Training Project: 
each of its unit packages begins with educating the teacher educator and ends with educating the 
child, all in a self-instructional way [20, p82 and p201]. One would like to think that teacher 
education materials could be built into the curriculum package, but there is insufficient evidence 
that they really work and we must wait for a careful evaluation. 
confidence and enabling them to appreciate the new 
curri i it. The in-service post-graduate teacher-education programmes of 
tis Lieni of P a a great deal on this means of professional training. Much 
Of the work produced is for O-level integrated science standard and, in a country wanes teachers 
are very much single subject specialists, this is a formidable undertaking, especially when the 
emphasis is on the social impact of science. Yet the teachers find the experience very exciting. 
d, opportunities for teacher education in this way remain, 


ven i is develope $ ae 
ebectalty ha pee is composed of minicurricula. Teachers meeting in a teachers’ centre can 


i isi d ancillary materials including items for the 
generat a ly of new units, revisions, an l : : I 
test see etait team must face the need to edit units produced in this way. 


An effective way of giving teachers 


10.4.4 Stage (iv): Giving the Teacher Support 
inspectors and education officers are supposed to exercise this function. 


Government supervisors, AR 
sympathetic a enthusiastic supervisor should not visit the teachers too often, but he can do 
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ion i It is the business of the project itself to 
tangle red tape and see that action is taken. is : elf 
E o remains) sympathetic and enthusiastic. This is often made effective by having an 


advisory committee to the ministry of education. Scotland’s committee contains inspectors, staff 
from colleges of education, university staff and teachers. 


Teachers will need the support given through provision of the right kind of apparatus to run 
the course. It is the role of the authorities to see that they get it. 


A teacher will work well if he knows that the principal at his school is interested in, and approves 
of, the new curriculum. A project can gain much by providing seminars for such principals, 


especially if they are not scientists. Reaching parents is also important and should not be over- 
looked by a project. 


Science centres have proved extremely useful in curriculum implementation, providing a loan 


service of apparatus and other resource material, giving a consultative service and providing 
opportunities for teachers’ meetings and seminars [31]. 


10.4.5 Stage (v): The Teachers Implement the Programme 


When the teachers have been helped through all the earlier stages, this stage takes care of itself. 
10.5 CONCLUSIONS 


The general implication is that there is a need to establish confidence. The teacher needs all the 


support he can get from influential sections of society, including his government, if he is to work 
as a creative professioiial in implementing a curriculum. 


t, as they stand, prove to be effective in a new 

“ied, a cadre of the best people should come 
so that there is an extensive exposure to the 
parent course, leaving the door open for eventual rejecti 


Finally it must be remembered that adoption of a course into the schools does not complete 
the process. Curricula grow old quickly 


le pr Ol and it is essential to have continuous revision and 
diffusion, a process made easier if the course is composed of units. 
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11 The interface between physics and 
mathematics 
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teachers know that, even if given the area of the film and the volume of the drop that made it, 
students have trouble calculating the thickness of the oil film [68]. 


These problems impel one to explore more deeply the interface between the teaching of 
physics and mathematics. For this reason, the present chapter discusses (i) the origins of the lack 
of transferability across the interface, (ii) the developments and trends attempting to make this 
interface more permeable and (iii) what actions might be taken to see that students can benefit 
to the maximum extent from the complementary teaching of mathematics and physics. 


11.2 THE POSSIBLE ROLE PLAYED BY THE NEW MATHEMATICS IN THE DIFFICULTIES 
WHICH STUDENTS HAVE WITH COMPUTATION IN PHYSICS 


We will look first at the character of the ‘new’ mathematics, gradually introduced as a school 
Subject since the middle 1950’s, and then briefly review international attempts to assess the state 
of mathematics and science in the schools. 


11.2.1 The Character of the New Mathematics 


The ‘new’ mathematics may be characterized by its goals, its content and its instructional 
methods. These have not been the same everywhere, but we shall see that there is a fairly large 
area of common thought and practice. | 

The differences in emphasis in the goals and pedagogy of the ‘new’ mathematics in the United 
States and the United Kingdom are probably a result of the different groups which took the lead 
in developing the new curriculums. In the United States, university mathematicians took the 
lead [50 p25]. The goal was to reveal mathematics as an important intellectual structure and the 
Practice of mathematics as a creative endeavour. Little emphasis in practice was put on its utility. 
Understanding the basis of algorithms would lead to their effective learning and use [69] and 
axiomatization of algebra would show the unifying power of mathematical structure. 

In the United Kingdom, a group of schoolmasters led the way to curriculum reform. They 
inferred the content of school mathematics from the ‘manner in which mathematics is practiced 
by professionals at all levels’ [60, p16]. A major aim ‘is to make school mathematics more exciting 
and enjoyable and to impart HA knowledge of the nature of mathematics and its uses in the 
Modern world’. The British believed that the structure of mathematics should be revealed gradually 
ina cyclically and inductive way and only fully formalized in a rigorous way at the university 
evel, 
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What might one expect to be the effect of these changes on the teaching of science? No one 
can quarrel with the desire of mathematicians to present their subject as one with a structure and 
practice in its own fight. As physicists, we want to show the structure of physics with its great 
unifying laws, but it must not be overdone. There are many students who seem to be able to 
value only that which is familiar or useful. Even though students may not be drilled to the extent 
that they once were, we should be pleased if the processes of mathematics are taught, for we can 
provide, as physicists, situations in which meaningful practice can take place. Of the new topics, 
no one would question the value to physics of vectors or elementary statistics. Matrices can be 
used in studying collisions on air tracks [49] multiple reflections in mirrors [12] and in solving 
simultaneous equations which might arise in electrical networks. Transformational geometry has 
many uses in optics [47]. : 


18 was indeed the case. Among the 
e last pre-university class [26, V2: 
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significant way. 
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The difficulties of students in applying mathematics to physics may not be solely the result of 
the ‘new’ mathematics. These difficulties may have grown worsé in recent years for a variety of 
reasons, with the ‘new’ mathematics being only one of several. Other possible reasons for the 
difficulties we perceive in the mathematical abilities of our students may include the fact (1) that 
we reach a broader spectrum of students, (2) that we are trying to teach more sophisticated 
courses, (3) that we have an overloaded curriculum in both subjects, (4) that social changes have 
caused students to be less motivated towards mathematics and physics, (5) that teachers with 
little training were asked to teach new mathematics in the primary schools. 
more time in the physics and mathematics classes 
to both. This requires a look at the attempts that 
prove the teaching of mathematics and physics. 
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11.3 TRENDS IN EXTENDING THE PHYSICS/MATHEMATICS INTERFACE 
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description of local developments in a few countries. 


11.3.1 International Efforts 


At the Royaumont Conference of 1961, Dr Marshall Stone proposed coordination of mathematics 


and science teaching and that this coordination should be the theme of a conference in the near 
future [15, p21]. Professor Jean Dieudonne of France proposed that Euclid should go and in its 
place matrices, elementary calculus, curve sketching, properties of complex numbers and polar 


Coordinates would be put into the curriculum [15, p35—38]. 


i ics. It recognised 
The Dubrovnik Conference of 1960 suggested syllabuses to cover modern topics. It gnise 
the importance of coordinating the teaching of science and the teaching of mathematics, but did 


little to implement this coordination [41, po]. 

At ce in 1963 [16] H.O. Pollak presented several examples of situations 
reguhitne cont coed ~ + ulation [43] and participants suggested that lists of such problems | 
Suitable for schools be supported by the Organization for Economic Cooperation and Develop- 
ment (OECD) [16, p236]. The danger that these problems might be compartmentalized into 
a separate applied-problems course was pointed out as one to be avoided. To overcome the 

blems, it was suggested that a brochure 


danger of the li ming a static set of ageing pro ges l 
should lakae lete aine actual new problems as well as up-to-date bibliographies. 


1965) W. Knecht pointed out that the coordination of 
Mathematics and physics is becoming more difficult. He said that the physics teacher is led to 
introduce certain key concepts earlier in order to present the material in as analytic manner as 
Possible and the mathematics teacher tends to put off these same concepts as he is anxious to 

develop modern theories based on a thorough study of sets and structures [30, p28]. 
W. Servais in Unesco’s New Trends in Mathematics Teaching, Vol. I [63] goes into detail on 
the problems of coordinating the teaching of mathematics and physics at secondary school. His 
hich the physics teacher can furnish the mathematician and three 


article gives five themes with w eal : th 
examples of eh with which the mathematician can aid the physicist [53]. 


In Teaching Physics Today (OECD, 
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Finally the conference, called for in 1961, was held at Lausanne in 


1967 as a symposium on 
Reform and Coordination in the Teaching of Mathematics and Physics [10]. Before the 
conference, a questionnaire was distributed concerning the articulation of mathematics and 


physics teaching. The questionnaire, answered by 65 professors, indicated that two-thirds insist 
that the two disciplines be coordinated. The questionnaire produced a list of physics topics 
useful to motivate mathematics. The respondents almost all favoured keeping trigonometry ïn the 
curriculum though with much less emphasis on identities. Substantial majorities were opposed to 
teaching groups and matrices in secondary school. A majority was also in favour of using a 
common notation and common definitions in both subjects -and a great majority favoured 
introducing statistics and probability into the curriculum [10, p245—257]. 

Thirteen recommendations, closely related to the topics of the questionnaire, were made by 
the participants about the coordination of the teaching of mathematics and physics. Of special 
interest were the recommendations that “it is necessary to develop both the aptitude of pupils for 
identifying mathematical situations enc 


ountered in physics and their skill in the use of key 
mathematical tools, particularly algebraic calculation”, and that the “model concept should play 


a major part in both mathematics and physics teaching”. A final recommendation was that 


of blished permanently and the question periodically re-examined at 
international symposia” (10, p264]. . i 

At Utrecht in 1967 a colloquium was held on How To Teach Mathematics So As To Be Useful. 
In the opening address, Professor Hans Freudenthal pointed out the error of “teaching pure 
mathematics first and afterwards how to apply it... . people are able to apply simple arithmetic 
but not quadratic equations or even linear functions” [ IT 
Professor Murray Klamkin felt that there is “ 
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mathematical terminology” [35, p98]. He stressed the importance of keeping the real situation 
in mind, even during the process of mathematical solution, so that one may be aided at arriving 
at a good solution. This seems to be the practice of the Further Mathematics books of the School 
Mathematics Project where one book is devoted to vectors and mechanics and another to 
differential equations and electrical circuit theory [60, p191]. 


At the same conference Anthony J. Malpas reported on his efforts to determine the mathematical 
skills necessary for secondary school science (physics, chemistry and biology are each treated 
separately) and the extent to which courses in modern mathematics provide for the development 
of those skills. He found that there was a good deal of coordination between these subjects in the 
“one is struck with how little use is made in the science courses of the 
many other ideas which go to make up a modern course like the School Mathematics Project” 
[37, p28]. He cites the need for materials which could be used by both the mathematics and 
physics teachers in making a joint approach to teaching topics in the overlap areas. Finally, he 
points out that, in spite of the fact that certain topics are treated in both courses, there are 
persistent reports from teachers on the difficulty students have with these topics. There may be 
important psychological components to these difficulties to which more attention should be 


given [15, p28]. 

An entire chapter in Teaching School Physics, a Unesco sourcebook published in 1972, is 
devoted to “Physics and Mathematics” (33, p151—160]. The case is presented against subordina- 
tion of one subject to the other and it is urged that each subject must be true to its own structure, 
but the authors tend to favour more coordination and some convolution of the interface between 
the areas so that there is a greater crossflow of ideas and’ skills. Many mathematics teachers 
believe that mathematics starts from situations and physics is unusually rich in situations that are 
readily mathematized. The chapter ends with three examples which pe that topics can be Tonna 
that i i thematically and physically and that do not require inor inate 

ee DON ma d make collaboration mutually beneficial. 
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d extensions that computers can bring to the subject are 


indicated and the need for more suitable problems is again pointed out. peveral appuca ons of 
arithmetic, algebra, geometry and calculus are sketched. A long-term aim of mathematics, not 
noted hereto fore i that “pupils must learn the difficult skill of reading mathematics iii books 
when they need it and that this education should be a foundation for such intelligent reading 


164, p89]. 
5 ae ith “many good 
W ; tling observation: even though we may come up wi 
aa left with one U (for classroom use) experience indicates that few good 
s ae are possible within the limits of the conventional timed examination” 
and students learn chiefly what they are examined on [64, p91]. 
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11.3.2 Local Efforts at Extending the Physics/Mathematics Interface 


(a) United States efforts 
The Physical Science Study Committee (PSSC) text begun in 1956 was published in 1960 [46] 
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“Motion along a Path”, without scaring off the student by naming it 
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considered the vector nature of motion i 


coordination of mathematics and physics in a natural way by teaching the necessary mathematics 
along with the physics. 
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teach calculus based primarily on physics experiments [47], [51]. Velocity recorders, accelero- 
meters, water flow systems and dry cell life time tests are parts of the programme which attempts 
to motivate and model mathematical processes with physical systems. Graphical and numerical 
techniques are used to show students who may not be conceptually ready for a more abstract 


treatment the power and utility of calculus. 


(b) British efforts 

Most of the major British mathematics projects contain a greater emphasis on applications 
than do their American counterparts. However, British journals nevertheless indicate some 
dissatisfaction with the lack of coordination between subjects and lack of transferability of 
mathematical skills to the physics classroom [7], [47]. Consequently, in 1971, a Mathematics/ 
Science Links Working Party was set up. At a conference in Oxford [59] this group suggested 
several areas for further study: computations, scale and dimensions, how and when to use 
approximations, the timing of topics, differences in notation and whether the logical sequence 
of mathematics topics should take precedence over the less fixed order of physics topics. 
C.A. Croft called for mathematics and physics teachers to cooperate and attributed the previous 
poor coordination to the teachers themselves, to the lack of emphasis given to integration in the 
Colleges of Education and to the Examination Boards which have not encouraged a common 
approach [53]. Through the invitation of this committee, several articles have been published 
in British journals on the efforts and examples which many teachers have used to forge links 


between science and mathematics teaching [21], [47], [67], [68]. l 
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Apparently an outgrowth of the a 
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mathematics teachers can use to set joint wor r 
and Crystal Structure’ and ‘Indices and Molecules [8]. 

At the A-level stage several groups are working to provide independent study work in physics 
and mathematics. The Sixth Form Mathematics Project [31] has produced piene fon 
Indices, Quadratic Models and Limits. Several others are under development. A istinguisl ing 
feature of these materials is that “Each piece of mathematics included in the project penis is 
in some way related to a situation. In doing the mathematics we investigate the possibilities that 


exist in these situations” [54, p51]. i l ; 

The Mathematics in Education and Industry project is developing material using conventional 
teaching methods on statistics applied calculus, vectors, matrices and linear equations and 
tena T and approximations. Much emphasis is placed on computers and computing 
[22]. 


The Continuing Mathematics Project has developed a course on calenlis usme programmed 
learning i pee an on critical path analysis and flow charts, utilizing games [70]. 
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P ee [27]. = is ceed to physical science or engineering at university. It was developed 
by p ents who pom eke ah Pia but was modified by consultation with mathematicians. The 
ta sera taal a complementary document be drawn up by mathematicians. 
The English examining boards have established a new A-level subject, Physics-with-Mathematics, 


which includes calculus, vectors and statistics, has a much reduced physics syllabus and sets 


questions which involve the skills of both. 
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Finally, the Nuffield Advanced Physics team has produced an excellent book for teachers on 


upplementary mathematics which covers computation, functions and graphs, differentiation and 
eraon, and exponential changes and probability [39]. 
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11.3.3 Summary of Trends 


Modern Mathematics is being taught in more and more countries and will probably continue to be 
taught in most of them. The introduction of ‘new Mathematics’ and ‘new Physics’ took place in 
most countries without consultation between mathematicians and physicists. However, there is a 
trend in the 1970's for communication between curriculum groups in these fields and hopefully 
a move towards real cooperation. 

The mathematical community has become more interested in the application of mathematics 
to various fields and with this interest there seems to be a growing interest in the teaching of 


mathematics so as to be applicable [29], [43]. 


11.4 PROBLEMS AND POSSIBLE ACTION 


Most of the difficulties that arise from the trends described in the previous section can be classified 
into three areas: difficulties of instruction, difficulties over the curricula and difficulties related 
to the necessary materials. The first two are considered below with suggestions as to possible 
action in the future. Corrective action for the third category is to develop the material that is 


clearly needed. 


11.4.1 Instructional Difficulties 
(a) Students often lack proficiency in the mathematical skills that they know. For example: 


Calculate T in the following: T=2r E a 


In this problem, students have difficulty handling the units, in taking the square root by any 
means Taen a calculator) and expressing the answer to a reasonable number of significant 


figures, . : 
(b) Students often cannot transfer skills from the mathematics class to their physics class. 


or example: a student can solve 
2x? + 5x —3=0 
for x in his mathematics class but cannot solve 
3 = 5t + 2t? 


for t in his physics class. . ; 
(c) Students re usually reluctant to make approximations. For example: in finding out the 
e a 


epth of a well in which the splash of a pebble is heard 3.1 seconds after it is dropped, the 
we : 
following equation arises at one stage of the solution. 


d , 62d _ __4* = 9.60 (din feet) 

16 * 1100 ~ 1210000 
hes a value of 1000, the term in d? is 

H ld reason that unless d approac: ; 

r mae oR in view of the accuracy of the data? [2, p241]. 

(d) Students usually have difficulty with the mathematization of a situation; for example: 


KS is di t does not chase individual bugs, but merel 
It ted that to get his dinner a ba c | bugs, y 
pe ee he moet darkness with his mouth open. See if a rough calculation will prove this 


to be possible or ridiculous” [9, p378]. 
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‘How does the student begin and where does the student get the crude data that he needs? 


11.4.2 Actions for the Improvement of Instruction 
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(b) Conceptual difficulties. The syllabus may require a topic that is conceptually very difficult 
at the particular age considered. Gubrud and Novak [19] showed that 16-year-olds were able to 
incorporate material ‘on vector addition into a cognitive structure with clarity and stability but 
that 14-year-olds could not do so in the same learning period. Perhaps conceptual problems are 
at the heart of the often reported difficulties with the oil film experiment. 


(c) Teacher competency in a second field. Teachers often do not have enough competency in 
the complementary field. It is difficult for a mathematics teacher to use physics for motivation 
and application if he feels unsure of himself with physical ideas and apparatus. 


(d) Evaluation, Timed examinations seldom reward problem formation skills. The necessity of 
assessing a wide sample of a student’s skills means that time for any one question is limited. 
Problem formulation takes a notably long time even for professionals; one often likes to ‘sleep on 


a problem’, 


11.4.4 Actions to Alleviate Curricular Problems 

The alleviation of these curricular problems requires the cooperation of teachers, research 
workers, colleges of education, curriculum groups and examining boards at national levels. Work 
is in progress on each of these problems in several countries. 

(a) Ona small scale, N.G.G. Webb [67] has developed a scheme for coordinating the work of 
the mathematics teachers with other teachers in the same school. As noted previously, the 
mathematical requirements of physics have been specified by several groups in the United 


Kingdom [27], [59]. i 
sas i i tics courses, and work out 

In each count ilar groups must examine physics and mathema arses, c ' 
oth the Brerequiitesdor adh Topi and the options that can follow each topic. The relationship 
of each topic to the other topics can profitably be shown in a partially ordered tree diagram 
similar to a PERT diagram. From such a diagram, possible sequences of mathematics and 


‘Physics topics may be easily worked out. 
: i t there is too much content in the 
Teachers fro any countries have complained tha : : 
Mathematics a aha courses. Serious consideration should be given to reducing the total 
Content in order to go deeper into the topics selected and to inter-relate them. 


(b) There is active research on cognitive problems in several countries, but ways should be found 
to make “research more relevant and the work of teachers more productive, by enlisting teachers 


as partners in the research enterprise” [64, p136]. ue 
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Of subject matter and method of teaching. This is important, even where physics is required for 


the study of mathematics. 
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A Physical Science Group has developed a four-year curriculum to train the physics and 
chemistry teachers. It includes a coordinated mathematics course [20]. 


(d) Alternative methods of evaluation must be developed to reward problem formation and 
solution-interpretation skills. We may be forced to give u 
sampling a large number of skills in a short time 


ways and the development of a few important skills over a longer period of time [64, p123], 
[67]. i 


11.4.5 Difficulties Related to Instructional Materials Needed 


(a) ‘Lead in’ material. There is a need for more material that is interesting and can motivate the 
development of mathematical techniques from Situations that do not require extensive or 
extraneous background. An example is the bat problem quoted above. 

(b) ‘Links’ and application material. There is a need for more material that calls on a back- 
ground in both physics and mathematics, linking the two through interaction and reinforcement. 
An example is described by R.H. Romer in a “Matrix Description of Collisions on an Air Track’ 
[49]. 
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11.4.6 Summary and Actions Needed 
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Teaching the complementary arts of problem formation and solution interpretation remains, 
it has perhaps always been, the major unsolved task of this interface. This challenge has been a 


Subject at almost all of the international conferences mentioned in this chapter; and more than 
One resolution has been passed for the collection of material for this purpose. It remains for 
mathematics teachers, physics teachers, research workers and interested specialists to take on 
this task ina personal way and share our results through publications and conferences established 


for this purpose. 


The following is a brief list of the main actions recommended above. 
1. Increased communication and interaction between physics and mathematics teachers at the 


level to work on instructional problems. 
. The establishment of joint committees to coordinate the physics/mathematics curricula at 


N 


regional and national levels. 
3. All physics teachers should seek to understand the new mathematics, and to make use of it 


where possible in their physics lessons. . , 
4. Physicists should seek to make physics as attractive as possible to prospective mathematics 
teachers and mathematics teachers should be encouraged to use examples from physics in 


their lessons. 
5. There should be a reduction of content in both mathematics and physics so that more time 


may be spent on realistic problem solving. 
. Ways to take advantage of inexpensive electronic calculators should be studied. 


- We must develop new instructional material and share it through publication. 
We should promote research on the learning of mathematics and physics concepts. 


Song 


We need to develop alternative modes of evaluation that do not handicap creative thought. 


Finally it may be useful to hold seminars in developing countries on the physics/mathematics 


interface to prepare teachers and students for the impact of new goals, methods and content in 
the teaching of mathematics and physics. 
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12 Assessment of student achievement in physics 
at secondary school and university levels 


student achievement in physics necessarily implies the identification of a 
number of desirable qualities or ‘objectives’. If assessment takes place during, or at the end 
of, a course, it is reasonable to relate the qualities assessed to the objectives of the course. 
Normally a form of assessment is required suitable for ranking students and preferably 


suitable for assigning numerical or letter grades. 


In this chapter, based on a paper originally prepared by C.B. Oguntonade, the development 
and trends in the assessment of students in various parts of the world are briefly reviewed, 
The problems and challenges currently encountered are then considered and some suggestions 
are made for the alleviation or investigation of problems and the possible response to 


challenges. 


The assessment of 


12.1 DEVELOPMENT AND TRENDS 


Purposes of assessment 
g students: 
educational institutions or for employment, 


tudents to assist them in planning further studies. 


use the same final assessment for the selection of 
nt, and to express the results as a single 
il. Information on achievement in the 


Two main aims are evident in assessin 
(a) to select students for entry to other 
(b) to provide feedback for both staff and s 


With regard to (a) it is common practice to 
students for both further education and for employme 


Parameter classification, or even simply as pass or fail. I l 
individual subjects or topics of a course is sometimes provided, but other achievement such as 


ability to remember, to solve problems, to do experimental work, and to describe and explain in 
Written or spoken words, is rarely separately identified and assessed. 


With regard to (b) there is an increasing tendency, 
assessment to be used not only for feedback but also 


and final grading. 


particularly at university, for continuous 
for the accumulation of credits for annual 


12.2 OBJECTIVES 

There is a definite trend toward increasing awareness O 
assessment. 

Educational objectives may be cla: 

L Cognitive (e.g. knowledge and in 


f the place of objectives in teaching and 


ssified under four major headings: 


tellectual skills) 
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II Affective (e.g. attitudes, feelings) 
IHI Psycho-motor (e.g. manipulative skills) 
IV Social (e.g. mutual cooperation, confidence, leadership) 


Houston [1], Klopfer [2] and others, have developed lists covering a wide diversity of possible 
objectives. The aims of physics teaching in many countries are consistent with many of the 


objectives on these lists, although the corresponding courses have not necessarily been designed 
with those aims explicitly selected. 


Two current sources for educational objectives can be identified for physics programmes: 


(i) statements of general educational aims directed, for example, towards students’ formation 
and understanding of concepts, acq 


uisition of inquiry skills and formation of attitudes and 
Gi) statements of national goals and philosophies which may possibly influence physics teaching 
aims. É 


specific aims as those in the USSR where there is 
emphasis, at all levels, on the ‘polytechnic character’ [3] of physics and its application in ‘the 
development of materialistic outlook .... patriotism, internationalism and respect for labour’ 
[4]. Recent physics curriculum developm 


c ent by various learned bodies [5] in Nigeria also aim at 
the national level; the government warns of the ‘inadequate exposure of secondary school 
products to... . science and mathematics which are basic to enrolment for higher technological 
and scientific studies’ [6]. 


Within the content of educational objectives, there is a 
specialized. physics programmes, courses in physics for a mor 
first degree physics course in the U.S 

n for life and careers [7]. 
and a substratum on whic 
versities is purely e i 
ional, is to produce 


Assessment 


the West African Examinations Council — WAEC). In most countries university examinations are 
wholly controlled in the institutions concerned, but some of them employ external moderators, 


as for example in the United Kingdom. 
There is an increasing use of continuous assessment, particularly in universities. 


In relation to this a distinction can be made between 
(a) diagnostic testing, which is for feedback purposes only and for which no student credit can 
be obtained. 

(b) continuous credit, which has both feedback and credit aspects. 
(c) end-of-course assessment, which is primarily for credit (or selection) purposes only. 

In many universities a combination of continuous credit and end-of-course assessment is used. 
Many favour the continuous component accounting for between 20 per cent and 40 per cent of 
the final total credit. 

With regard to (a) and (b) above, there are several aspects of during-the-course assessment 
techniques. These include: 

(i) Assignments. These may be problem exercises or essays to be done in the student’s own time. 


(ii) Tests. Tests may include multiple choice, short questions, longer structured questions, and 
other longer questions often involving numerical problems. 
Gii) Practical work. A variety of intellectual skills associated with experimental work can be 


assessed from answers to written reports. However, practical assessment son a a a measure 
of manipulative skills assessed by direct observation of the student or by oral questions. 


(iv) Projects. Project work for both individuals and g 
and university education. 


roups, is increasing at all levels of school 


(v) Short talks by students. These provide opportunities for assessing the ability to write and 
Present talks and also, if required, the ability to select and study a topic outside the main 


syllabus. 


(vi) Oral examinations. Oral ex ie 
Project work. Moreover, in some countries | 


ee f di tic testi If evaluation is 
ii t. In terms of diagnostic testing, self evaluation i 
ini) Self assessment and peer pity g. Assessment of a talk or a piece of work by peers 


aminations are frequently used in association with essays or 
is still the sole method of student assessment 


r i Jearnin| c ) 
partant a’ in porami (and possibly assist staff in assessing credit). 


‘ective impression of a student with respect to particular 


b reaps à 
oblem areas (feedback). However, subjective assessment is 


dit, particularly for borderline cases. 


(viii) Tutor impression. A tutor’s su 
Objectives can be used to identify pr 


Sometimes used to influence course cre ae 
normally consists of written papers. These can be classified into 


End-of-course assessment, (c), 1 
three types 


(A) papers unseen by the candidate prior to sittin h are cl 
inations to which students may bring limited, or unlimited written 


r as student notes, 
re given prior knowledge of the examination questions. 


g and which are closed book examinations, 
(B) unseen papers but exam 


material, in book form 0 


©) papers for which students a 
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Questions normally found in end-of-course examinations are of the four types mentioned 
previously, see (ii) above. 


12.4 COMPETENCIES USUALLY TESTED 


There is a definite trend toward the specifying of course objectives and the designing of 
examination papers to assess these objectives. However, in spite of this, there are still many 
courses which have no explicit course objectives or where there is little relationship between 


on comprehension and analysis levels although there is always some focus on knowledge. The 
last three columns show that application, synthesis and evaluation which have been pre- 
dominantly neglected are beginning to receive slight attention, 


Table 1. Percentage Distribution of Request-Verbs into Co 


gnitive Levels in Paper 3 of 
GCE and WASC Examinations 


1968 


Knowledge 8.3 


ln fea foo [oo | a7 | 00 


12.5 3.3 


uz [a as 
sa [eo [aa | ee 


S.Q. = Specimen long questions based on Proposed syllabus. 


For the same period, multiple-choice questions have been distributed approximately as follows: knowledge level, 
h 


26 per cent, comprehension, 34 per cent, application, 26 per cent, analysis and synthesis, 10 per cent, evaluation: 
4 per cent. 


Request-verbs used in university examinations are more sophisticated, but still concentrate A 
cognitive competences. They include: derive, integrate, calculate, solve, write an expression for, 


set up... equation, write an essay on... ., interpret, discuss, compare, describe the procedur 
for... . . There is hardly any question which does not require a fairly high level of skill 
mathematics, 
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12.5 RESEARCH AND ANALYSIS 


Empirical research efforts on physics assessment techniques are scanty, but some outcomes of 
such efforts are noteworthy. With regard to reliability and validity of examinations Chapman [10] 
has discussed the validity of tests and the importance of an item bank, while Lemaitre and 
Verhaegen [11] have considered the consistency in scores assigned by different readers on the 
Same set of essay type papers in physics. McDaniels [12] experimented with a discreet grading 
System for Ph.D. qualifying tests and concluded that the ‘real advantage of the discreet system 
Comes from increased selectivity about the marginal students’ and that the system ‘works best 
when an examination consists of a large number of problems with uniform spread of difficulty’. 


A number of research studies have been concerned with some aspect of the relationship 
between objectives, teaching and assessment. Bryant and Anderson [13] discovered that 
Students’ prior knowledge of performance objectives, significantly improved their achievement. 
Bridgham’s study [14] concluded that a knowledge of the relative ease of grading improves 
involvement in physics courses. Rogers [15] has documented a comprehensive analysis of 
Practical approaches to the canstruction of good physics questions. He emphasizes the importance 
of testing depth of understanding and application of physical concepts. & 


Research continues on the impact of self paced learning on assessment techniques, The 
Majority of self-paced courses require evidence of ‘mastery’ to progress though self-paced units 
and the structure of self-paced instruction includes a variety of teaching methods which tend to 
increase the range of types of assessment. Barnhill III [16] found that some of the advantages of 
Self-paced physics evaluation aimed at learning for mastery was the removal of ‘pressure and 
Uncertainties’ of examinations and greater reliability of grading, while in another study [17] he 


points out that peer tutors can be used in grading. 

Associated with the trend toward assessment of specific objectives and diagnostic testing is the 
trend towards criterion-referenced tests rather than normative referenced tests. Criterion- 
referenced tests are constructed to obtain measurements which are directly interpretable in terms 
Of satisfying or failing to satisfy, a given criterion based on a level of achievement. Normative 
referenced tests aim to spread out the candidates in order to pass a given fraction. 
ysics curricula imply corresponding changes in teaching 
hods of assessment and content of physics tests. The inertia 
t methods (which lag behind) is due to a 


The philosophies of recent ph 
pbProaches and therefore in the met cena 
€tween trends in curriculum change and as : 
number of practical problems, some of which are outlined below. 


12.6 UNCERTAINTY ABOUT OBJECTIVES 


T hieved requires an understanding of, and certainty about, what a 
T pm = en is not easy or even possible if objectives of teaching a physics 
Course are either non-existent or not clearly stated, as is the Case wiin most physics ANANIN 
today. Admittedly, there is a constraint to state curriculum objectives in implicit global terms 
while it is expected that the teacher who handles the course will translate such implicit objectives 
into specific ones for different parts of the programme. This expectation assumes the existence of 
Short term measurable objectives which are correlates of the long term implicit ones. Thus one 
Would expect a global objective such as ‘to explain what physics is about and nourish an under- 
standing of the principles and concepts of physics’ [18] to be specifically transformed into 
explicit ones such as ‘to state four (or five) distinguishing factors between the goals of physics 
and those of chemistry (or say geography)’, ‘to apply Newton’s laws of motion in the explanation 
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of stated phenomena’, ‘to use given data to predict events on the basis of known principles’, etc. 
Two problems immediately arise from this expectation. The first is that as one moves from school 
level to university level, it becomes increasingly difficult to give thought to such specific objectives, 
probably because topics become much more complex and sophisticated, but more importantly 
because teachers (lecturers, professors) at that level hardly regard such exercises as sufficiently 
prestigious to deserve any attention at their level of sophistication. The second problem is that 
many teachers, at all levels, either do not bother to know the objectives of the courses they teach 
or do not have the necessary expertise to write explicit objectives. 


Objectives about which one generation of educators and students were quite happy may 
become completely uncertain and irrelevant to the needs of another generation of students who 
will therefore find it unfair to be assessed on such objectives. The last two decades in the U.S.A. 
have witnessed physics programmes geared to enhance national prestige in the space race. Today, 
students in many countries are looking for objectives that have relevance to the realities of their 
future. Developing countries face greater problems and challenges in this respect because so few 
physics examination questions have direct bearing on laudable national desele, plans 


12.7 NON CORRELATION OF THE TESTS WITH OBJ ECTIVES 


Where there are adequately detailed objectives, few T ise j i 
ere i : o ; a h 
those objectives. On the other hand the existen problems arise in the correlation of tests with 


‘io n physics. Alth 
physics questions as sufficiently intellectually demanding 


skills and material to satisfy the divers 
universities. 


12.8 TYPE AND QUALITY OF QUESTIONS 


The relative merits and demerits of essa 
discussed by Houston [22]. Multiple choice questions in 
graduate examinations, in spite of much research and cons; 
and use both in schools and universities. 


y-type and multiple-choice questions in physics have pee” 


physics are still not popular for unden 
iderable experience in the composit! 
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Some countries, for example France and the Federal Republic of Germany, are particularly 
averse to the use of this innovation, although, ironically, educators and psychologists in the latter 
country contributed significantly to the development of intelligence tests from which multiple- 
choice questions grew. 

The design and evaluation of short questions and longer structured questions have received 
relatively little attention. 


Oral assessments sometimes evoke strong reactions both for and against. On analysis it is 
usually found that the preparation of structured oral questions appears to be inadequate. Few 
educationalists would defend the use of oral exams as the sole or principal assessment procedure, 


although this practice persists in some countries. 


12.9 USE OF TEST RESULTS 


The feedback of assessment is often neglected yet in terms of attainment of objectives and 
curriculum evaluation the challenge of regular feedback must be accepted so that the teacher may 
know what he is doing right and where to improve, while the student concentrates on learning. 
Letter grades by themselves are not a sufficient aid to learning. What are our students doing 
wrong? What are they learning that is not tested? What are they asked, but not taught? What are 
the difficulty levels and discriminating indices of our questions? These are some of the relevant 


areas of feedback being neglected. 
z ; A i to assign a final mark. 
The accumulation of credit during the course raises the problem of how ) ma 
The problem is particularly apparent when the record of marks over a period shows a distinct 
trend upward or downward. Examiners tend to give a heavier weighting to performances near the 


end of the course. 


12.10 COMPARABILITY OF SUBJECT MATTER AND ACHIEVEMENT 
he achievement of a student on a specific programme. 


E inati indicate tł 
Bentinition baits SHORES mara arison of both the subject matter of the programmes and 


Comparability therefore involves a comp 
what is judged adequate for success or mastery. ‘ ae 
i ini oring systems in different countries make it di ficult to 
wee a a of performance standards. This problem militates against free 
exchange or transfer of students from one institution to another in ct ete rem or even in 
the same country (e.g. in U.S.A.). Internally, this isa price paid for freedom of oice of examining 
procedures, but externally, the problem is that of interpretation of objectives, teaching methods 
and grading systems across nations. Science educators are in a precarious position in this respect 
because the problem becomes greater as we move towards the goal of greater flexibility in 
learning and anihin processes; and at the same time we face the challenge of applying the 
relative accuracy of measurements in the sciences to the cross-comparison of grades in physics 


examinations. 


12.11 RESEARCH 


published in 1965, 1969 and 1970 [23] emphasizes the fact that ‘the 


Kr >, letter P : = > i 
uglak’s resource le g with physics tests is quite small’. The situation has not improved 


number of studies dealin 
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ignificantly since 1970 as shown by the review in the first part of this chapter. 
sign 


i arch into the problems of assessing practical 
7 ere woe eit he hyrer A damans in schools and universities. 
pa E ri y O e: of experience in industrial and extra mural periods of study. 
-gas ee ee student profiles over a wide range of abilities as well as across 
e a challenge. It is already being tackled at the school level. 
U > 


ature of physics challenges physics educators to engage in research (not just of a purely 
PR ber nature) which will help to improve assessment methods. 


ture and extent of the problems outlined above vary widely across nations a 
t. Therefore, there can be no panacea which will serve as a sine qua non for all tim 
institu - ? 


d in all places. The suggestions which follow are consequently quite generalized and will have 
1 je 4 
ta be modified to suit particular cases. 


12.12 IMPORTANCE OF OBJECTIVES AND DIVERSITY OF ASSESSMENT 


en i ee in 
There is a need to stress the importance of objectives not only in designing a course bie aera 
making a valid assessment of student achievement. Assessment should cover as many objec 


jecti Fait o 
as possible in that limiting assessment to only some objectives often limits the number 
objectives considered important by teachers and st 


Pai ; i 
udents. The objectives, and the selationt 
between these objectives and the methods of assessments, need to be clearly understood “- 
students. 


Some objectives may be more effectively assessed by particular methods of assessment 
however in-general a diversity of assessment procedures in the assessment of any objective he 
likely to increase both reliability and validity. Characterized types of assessment such as one 
choice and orals, should not be deliberately excluded without good cause. In equipping a S¢ 
leaver, or graduate, for employmer 


i ; : pe jcate 
nt in society, the importance of the ability to communte 
by the written and spoken word should not be neglected. 


12.13 ASSESSMENT OF EXPERIMENTAL WORK 


Experimental work can be considered under three headings: 
(i) the design of the experiment 
(ii) the experiment itself 
(iii) the analysis of the Tesults 


The first and the last ca 
manipulation of 


i t, minimization 
use of available facilities, oral answers to que 
performance, etc. ` 
Projects should be assessed under 


; ject: 
several headings, including (i) progress during the pr} 
(ii) the written report, and usually (iii) an oral defence. 
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While reliability of project assessment is a problem, the major contribution to unreliability is 
the variation in the projects themselves (e.g. compare a simple project brought to completion, 
with a difficult project in which, despite considerable effort, little progress is made). Sympathetic 
consideration must be given, in assessing projects, to the situation in which the student has been 
placed. 


12.14 QUALITY OF QUESTIONS 


There is clearly a need for collation of the existing validated multiple choice questions, at both 
school and university levels. A large enough item bank removes the need for security and allows 
widespread dissemination to staff and students. The opportunity would then be provided for an 
increase in their use, especially in universities. A fourth possibility would be to consider a 


corresponding bank of short problem type questions. 
legree of reliability of oral tests and the relevance of 


More attention should be given to the d J 
: = her methods should also be given more attention. 


their correlation, or lack of correlation, to ot 
The relative value of structured longer questions needs to be investigated and the role of 
numerical problems should be more closely considered. 


12.15 STUDENTS’ UNDERSTANDING OF ASSESSMENT PROCEDURES 

The i i ‘ety of assessment procedures and the use of continuous credit along 
Py ie be ee it imperative to convey to the student the relative weighting to be 
given to the several aspects of the overall assessment. When new features are introduced for credit 


i i i i them, but solely on a 
ass iven a prior opportunity to experience ny 
essment, students should be g p e when ‘during course assessment 1s used for both 


feedback basi ituation can aris 1 
ees ier phe Maier The intentions of such simultaneous uses should be carefully 


considered. 


12.16 COMPARABILITY OR DECENTRALIZATION? 


f achievement is often expressed at exit and entry points at several 
principle, only entry examinations would appear to be 

the need for exit examinations organized on a cultural 
nt on teachers in their desire to select detailed objectives 
possible solution is to have part of the examination 
hat a similar division could be tried in an attempt 
including different nations. 


The need for comparability O 
levels of the educational system. In 

important but factors of scale require | 
basis. Such centralization puts a constral 
and make corresponding assessments. One : 
local and the other part central. It iS possible 

to achieve comparability between larger groups, 


12.17 PROFESSIONAL TRAINING 


: improvements in student assessment to be appreciated, it is essential 
tre e prea in the professional training of physics teachers. The danger 
of allowing professional training of teachers to lag behind curriculum development efforts in 
Nieatia bad bean nainted Ont [24]. It is therefore necessary that techniques of testing should be 
emphasized in pre-service professional courses while similar in-service courses should be a regular 
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educational endeavour. There is empirical evidence that science teachers in Nigeria would 
respond favourably.to regular in-service courses [25]. 


12.18 SUGGESTIONS FOR RESEARCH 


The obvious response to the criticism of inadequate empirical research is more empirical 
research. The difficulty does not seem to lie in the identification of research problems in the field 
of testing in physics but perhaps it is in the fact that interest in this direction is stifled by the 
age-old monopoly of examining rights by some boards and councils. The fact that research into 
physics assessment techniques is most predominant in the U.S.A. where the as 
also most flexible seems to justify this assertion. Other difficulties may inv 
funds, preoccupation with research in physics and an assumption that good 
made up in a few hours by experienced hands. Test development centres o 
each country to encourage research into assessment techniques. The Educati 
(ETS) in the United States is a good example. The Test De 
(TEDRO) in Nigeria plans to expand and function on a basis simi 


sessment system is 
olve availability of 
tests can always be 
ught to function in 
onal Testing Service 
velopment and Research Office 
lar to that of the ETS. 


Aspects of assessment which require further study and research include: 
(i) the construction and use of criterion referenced tests (see 12.5) 
(ii) the use of oral examinations in physics (see 12.8) 


(iii) the interaction of all types of assessment with learning process (see 12.9) 
(iv) the assessment of practical project work (see 12.11) 

(v) the measurement of performance in non-cognitive domains (see 12.1 1) 
(vi) the flexibility and desirability of profile assessment (see 12.11). 


12.19.. ANNOTATED BIBLIOGRAPHY 


The books in the list below provide useful basic reading material for anyone engaged in assessing student 
achievement in physics at any level. It is not claimed that the list is comprehensive but the books give a good 
guide to other materials. . =; 


Brown, S.C., N. Clarke, and J. Tiomno (eds). Why Teach Physics? Cambridge, Mass., M.I.T. Press, 1964. xxV 
97p. ; 5 ; 


This is a report of the discussions at the International Confe 
Rio de Janeiro, Brazil, in 1963. Sections 1 to 5 provide invalu 
for a meaningful understanding of the problems of assessment 
teaching in a developing country, science as a part of culture, t 
the design of physics courses and the role of experiments in th 


Comber, L.C. and J.P. Keeves. S 
403p. bibliogr. 


rence on Physics in General Education, held in 
able general background information necessary 
in physics. Topics discussed include physics, 
he contributions of physics to liberal educatio”: 
e teaching of physics. 


cience Education in Nineteen Countries. New York: John Wiley and Sons, 1973, 


_ This is a unique and scholarl 
nineteen countries all over the 
chapter 7 treats f: 


Duchastel, P.C. and 
Studies” 


y report of empirical research studies of different aspects of science teaching 5 
e world. Chapter 6 deals with science curriculum and student performance whi 
actors associated with differences in these countries in achievement in science. 


ese Merrill, P.F. “The Effects of Behavioural Objectives on Learning: A Review of Empirical 
- Review of Educational Research. (Washington, AERA), vol. 43, no. 1, winter 1973. p. 53—69. 
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The role of behavioural objectives in education and their effect on learning are the focus of this review. 
Four categories of studies are examined: those dealing with (i) effect of objectives on learning, (ii) specific 
types of learning taking place, (iii) objectives and learner characteristics and (iv) the effect of the knowledge 
of objectives on the time taken to learn instructional materials. A comprehensive bibliography is included. 


Houston, J.G. Objective Testing in Physics. London: Heinemann Educational Books, Ltd. 1970. vii, 104p. 
bibliogr. 

A handy book which adequately summarizes the purposes of examinations in general, and of examining in 
physics in particular. Discusses educational objectives in physics at length before devoting more than half of 
the volume to a practical treatment of the construction and use of objective tests in physics. 

Kruglak, H. “Resource Letter on Achievement Testing” in New Trends in Physics Teaching, Volume II, 1970. 
p. 405—429. Paris, Unesco, 1972. 517p. bibliogr. 

With a brief introductory discussion of the nature of achievement tests in physics and the difficulty of 
measuring the complex variables of human abilities, the author gives an extensive annotated bibliography in 
the field of tests, examinations and assessment of achievement in physics. The ninety references, dealing with 
work done in the United States, are divided into six sections ranging from background references, theory and 
technology, physics achievement testing to various research efforts. 

Lauwerys, J.A. and Scanlon, D.G. (eds). The World Yearbook of Education, 1969: Examinations. London: 
Evans Brothers Ltd., 1969. xii, 404p. 

This yearbook contains eight sections of detailed exposition on trends, purposes, techniques and effects of 

examining. Of particular interest are: Section IV dealing with the organization and structure of examinations 
t ks at selection for education by examinations, Section VII which 


in different countries, Section V which loo 5 3 j 3 
analyses effects of examinations on education, teachers and pupils, and Section VIII which looks into future 


Prospects of examinations. 
Lewis, J.L. (ed). Teaching School Physics. Harmondsworth, England: Penguin Books Ltd., 
ntributions from many experts on almost all the aspects of physics 
articular relevance to assessment of achievement are (i) Chapter 17 
ysics examination questions and (ii) Appendix B which gives 
hasis on their objectives. 


1972. 416p. bibliogr. 


This Unesco source book contains co: 
teaching at secondary school level. Of p 
which discusses in detail the aims and types of ph 
details of various recent physics projects with emp. ap 

Macintosh, H.G. (ed). Techniques and Problems of Assessment, Arnold, 1974, 285p. bibliogr. 
z ins ibuti a wide variety of topics. Part 1 considers 

This i < eachers contains contributions on a w1 t 
Eee praoto rear structured questions, objective items, oral assessment, practical work and 
e k. Part 2 siders roblems of assessment, including continuous assessment, assessment of atti- 
tides pa pare erage akin school based assessment, measuring attainment for curriculum evaluation. 

; i A 


There are numerous suggestions for further reading. š 


Pearce, J, School Examinations. London: Collier-Macmillan Publishers, 1972. viii, 199p. glossary. 


x ; ademic discipline in particular, but is addressed to all who attempt to 
This book does not deal with any aaan through examinations. It presents a comprehensive exposition of 


assess students’ achievement at school leve. a: 2 
i a tions. 
the nature, methods, levels, coverage, grading and uses orexaming 


Polytechnic of Central London. Examinations and Assessment. The report of the working party, 1971. 92p. 
bibliogr. 


This report deals with proble 
Assessment, The traditional written 


5 i the following section headings: — 
f assessment at the tertiary level, under the fol B 
ern mahon paper, The grading and classification of assessment, The assess- 


ment of students on sandwich courses, Student wastage, Assessment and student health, Assessment 
and the problems of change, Recommendations. 

Rogers, E.M. “Trends in Testing” in New Trends in Physics Teaching Volume II, 1970. p. 431—447. Paris, 
Unesco, 1972, 517p. bibliogr. 


This article is a powerful penetrating exposition of the trends in, and social aspects of, examinations and 
1C. 2 


= thor points out the importance of examinations for student: 
tests wi i ce to physics. The autl iecti i m 
Pees beer rege SOF He traces the origin and growth of objective tests and illustrates ‘cruelty of 


examinations’ with different purposes of ‘entrance’ and ‘exit’ examinations. 
Rogers, E.M Improving Physics Education through the Construction and Discussion of Various Types of Tests, 
Paris: Unesca. Report of a Workshop Seminar, 1972. iii, 119p. 
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This report is both a challenge and a guide to all who profess to construct physics examination questions 
and who engage in assessing student achievement in physics. Through critical discussion of actual questions 
constructed by experienced physics educators, the intricacies of physics testing are exposed. Invaluable 
material for any modern physics examiner and teacher at any level. 


Stake, R.E “Objectives, Priorities and Other Judgement Data” in Review of Educational Research (Washington, 
D.C., AERA), vol. 40, no. 2, April 1970. p. 181—212. 


The first section, “Judgement and Data”, of this stimulating review emphasises the importance of objectives 
as predetermined targets in educational programmes. The subsection ‘What Educators should do' isthe:mini: 
se that an impatient reader should digest in order to throw light on the role of objectives in influencing out- 
comes and making judgements. 


Thorndike, R.L. (ed). Educational Measurement. 2nd edition. Washington, D.C.: American Council on Education 
1971, xx, 768p. bibliogr. 


The theory and practice of measurement of academic achievement are fu 
not meaningfully assess student achievement without fully understanding at 
(Defining and Assessing Educational Objectives), chapter 9 (Performance an 
(Essay Examinations) and chapter 17 (Measurement in Learning and Instru 


lly treated. Physics educators can- 
least the substance of chapter 2 

d Product Evaluation), chapter 10 
ction). 

Unesco. A Survey of the Teaching of Physics at Universities. The Netherlands, 1966. 396p. 


A Unesco resource book which treats in some detail several aspects of physics education at university level in 


f Germany and France. Several appendices give 


Yus’kovich, V.F. (ed). Methods of Teaching Physics in Soviet Secondary Schools, Jerusalem: Israel Programme 
for Scientific Translations, 1966. 183p. 


The Soviet publisher’s annotation of this book needs no further comment and is quoted below: 
“This book discusses the methodolo 


topical among these are the present sta 


, the development of the reasoning ability 
, and the experimental testin 


workers and secondary school teachers”, p. iii 


12.20. REFERENCES AND NOTES 


1. Houston, J.G. The Principles of Objective Testing in Physics. London: Heinemann Educational Books, Lté- 
1970. p. 23. 


2. Klopfer, L.E. A chapter on Science Education in the Handbook of 


Formative and Summative Education 
edited by Bloom B.S. et al. 1971. New York: McGraw Hill. 


3. Unesco. A survey of the Teaching of Physics at Universities, The Netherlands, 1966, p. 28. 
4. Ibid. p. 28. 
jence 
In the past seven years, new physics courses for secondary schools have been developed by: (i) The Scien® 


Teachers’ Association of Nigeria, (ii) The Nigerian Educational Research Council and (iii) The Compara 
tive Education Study and Adaptation Centre of the University of Lagos. 


6. Federal Republic of Nigeria. Second National Development Plan, 1970-74. Lagos: Federal Ministry of 
Information, 1970. p. 236. 


7. Unesco Op. cit. p. 75. 


a i ion may 
8. a ae 1s compulsory for all students up to secondary school level, no matter what his future vocation 
e. 
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John, J.B. and John, S.R. Assuring Learning with Self-Instructional Packages. New York: Self-Instructional 
Packages, Inc. 1973. 

Chapman, B.R. “Assessment and Science Education”. School Science Review, 55, no. 191, Dec. 1973. 
p. 380—385. 

Lemaitre, M. and Verhaegen, L.A. An experiment on the consistancy in marking of essay type examination 
in physics (background circulated at the ICPE conference, Edinburgh, 1975). 

McDaniells, D.K. “Discreet Grading System for Physics Examinations”. American Journal of Physics, 41, 
1973. p. 901—905. 

Bryant Jr., N. and Hans O. Anderson. “Effects of Performance Objectives on Achievement”. Journal of 
Research in Science Teaching, 9, no. 4, 1972. p. 369-375. 

Bridgham, R. “Ease of Grading and Enrollment in Secondary School Science II: A Test of the Model”. 
Journal of Research in Science Teaching, 9, no. 4, 1972. p. 331—343. 

Rogers, E.M. Improving Physics Education through the Construction and Discussion of Various Types of 
Tests. Paris: Unesco, Report of a Workshop Seminar, 1972 (See annotated bibliography above). 

Barnhill III, M.V. “A Self-Paced Approach to Graduate Quantum Mechanics”. American Journal of 
Physics, 41, 1973. p. 661—663. 

Barnhill, III, M.V. “Advantages of Review Examinations in the Keller-Plan Courses”. American Journal 
of Physics, 42, 1974. p. 70. 

Houston, J.G. op. cit. p. 23. 

Rogers, E.M. op. cit. p. 3. 

Houston, J.G. op. cit. p. 23. 


Houston, J.G. op. cit. p. 23. 


Houston, J.G. op. cit. p. 35—42. 

Kruglak, H. “Resource Letter on Achievement Testing”. In: New Trends in Physics Teaching, Volume II, 
1970. Paris: Unesco, 1972. p. 405—429. (See annotated bibliography above). 

ba orary Issues in Science Education” 

ie ere May 1973, 20—22. 

dary School Science Teachers in Nigeria: Course No. 1, 

l Ministry of Education, Dec. 1972, p. 27—67. 


. Journal of the Science Teachers’ 
Oguntonade, C.B. f 
Association of Nigeria. 


Oguntonade, C.B. In-service Course for Secon 
1972: A Report. Lagos: Unesco and Federa 
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13 Integrated and multidisciplinary curricula 
at the secondary school level 


This chapter, based on the paper written by G. Delacéte, deals with recent developments in ; 
secondary school science courses which are not confined to a single subject. The areas whic 
are common to all the sciences and those which are different are considered, and a working 
definition of integrated science teaching proposed. Arguments in favour of integrated science 
are analysed and difficulties likely to be encountered discussed. 


13.1 INTRODUCTION 


It would be quite impossible, in this brief chapter, to give an overall picture of world developments 


in integrated science teaching. Some idea of the importance of current trends may however De 
obtained from three recent Unesco publications [1]. 


13.2 DEFINITION 


The integrated teaching of science stems from a dissatisfact 
of one particular discipline or a series of unconnected dis 
the use of the term to describing merely the fusion of p 
use the term to describe a wide range of activities such 
applications; a science and mathematics; two sciences linke 


ion with the content and methodology 
ciplines. Yet it would be unfair to a 
hysics, chemistry and biology. We sha 3 
as the presentation of a science and it 
d together; science and technology; ete 
D’Arbon [2] mentions 34 different definitions of inte 


E ý 5 
gration. From replies to a questionna? 
he has produced the following definition of integration: 


“Integration, applied to a science course 
such a manner that the pupil acquires 


recognise the habitual frontiers between subject 
interest.” 


Such a definition rejects the separate disciplines taught separately or taught together E 
‘general science’. In this kind of integrated science the frontiers between disciplines disappea!- 
More recently, K. Frey [4] has attem 
curriculum of integrated science is a syst 
from scientific disciplines or related to th 
is restructured and made functional with 


; a Se e oF 
pted an even more precise definition: “A cours ted 


: : were F c 
em of learning which contains information ext ioe 
em. From an overall didactic approach this inform 

a view to achieving educational ends.” 
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And Frey comments: “The information extracted from scientific disciplines includes, for 
example, the concepts, the methods, the laws, the experiments, the technologies, the know-how, 
etc. The information related to scientific disciplines may be the entire economic, moral, political 
implications of science, its historical development, its aesthetic aspects, etc.” 


13.3 ARGUMENTS IN FAVOUR OF, AND ARGUMENTS AGAINST INTEGRATED SCIENCE 


Behind the desire to develop an integrated science course is the concern for unity in moulding a 
child’s mind. This implies a balance between the different sciences rather than a specialization in 
one science. Another reason for a unified approach is that the transference of ability and of skills 
is better developed by a course of integrated science. Some teachers assert that certain concepts 
are treated quite differently in different <cience disciplines and that simple coordination between 
disciplines is not enough to ensure uniformity of treatment. 

oosing integrated science teaching. Certainly in the early 
d teachers are in short supply, any attempt to teach 
titions or even to the abandoning of one or 


There are also economic reasons for ch 
secondary school where time is short an 
physics, chemistry and biology could lead to repe 
more of the science subjects. 

Pedagogical reasons have also been put forward for integrated science teaching. In the early 


years of secondary education the pupil can be put off by having a large number of teachers. A 
single science teacher in contact with his pupils for a much longer time will be in a far better 
position to know them and so point them in the right direction. At this level the teacher should 
be more concerned with the children’s intellectual development rather than the development of 
the subject. 

Science education should aim to allow people to cope with change, as major changes are 
likely to occur twice or even three times during a lifetime. We should not therefore be concerned 
with a fixed body of knowledge many parts of which may become obsolescent if not obsolete 


Within half a century. 
evelop the consciousness of relationships between the 


han any other kind of science teaching. 
jence teaching centres around the nature of the sciences. 


The division into distinct disciplines results from the specific characteristics of each discipline. 
An analysis of these characteristics would encourage one to evolve progressively from an 


Undifferentiated to a differentiated and separated approach. 
t the introduction of integrated science, however, is the 


fact that i i ntries there are few teachers adequately qualified to teach the subject. 
Only a sini nar Ri universities provide suitable degree courses and few students opt for 
these courses when they are available. What is even more important 1s that many teachers do not 
want to teach a Tate ae o subjects and are much happier teaching their own 
Specialization. 


Finally, integrated science teaching can d 
Sciences and society much more effectively t 


One argument against integrated sc 


_ Perhaps the greatest argument agains 


f different 


13.4 PRACTICAL ASPECTS 
nor separation is the aim, but rather how to help youngsters to 


In the end, neither integration i r l 
How can we generate a science curriculum which contributes to 


come to terms with the world. 


183 


Physics Teaching 3 


this aim, and how are we to prepare teachers to teach within such a programme? 


f secondary schools the students should be given experience in the methods 

of e g a are a with the skills acquired through the process of won 

ientific facts and not with the learning of facts themselves. The content of the course shoul e 

ee nt to the immediate environment of the student. We cannot expect the child at this stage 

to ni the common patterns between the sciences, although the adult scientist will recognise any 
particula topic as physics, chemistry, biology, etc. or perhaps a combination of two of them. 


One possible organization to this end might be as follows: 


Elementary School child centred 
undifferentiated approach 
low level conceptualization, if any 
emphasis on processes and attitudes 
relevance to everyday life 


Early Secondary School still child centred 
few concepts, those central to all sciences 
emphasis on processes and attitudes 
relevance to everyday life 
strong connexion with everyday applications 
either single integrated science course or well 
coordinated science courses 


Upper Secondary School (a) for science based students — 
single discipline based courses, as open 
as possible towards — 
(i) other disciplines 
(ii) science and society 
(iii) world of the Scientists 
(iv) technology 


(b) non-science based students — 
science education strongly emphasizing 
a close coordination or even an integration 
of the disciplines to one single unit, if 
necessary using team teaching. 


13.4.1 Non-scientists 


3 L he 
An education which concentrates on the demands of a constantly changing society and also th 
needs of the coming generations cannot be realised if it is limited to one science area. 


, history, sports, politics, philosophy or others, and in ge” 
ence for science’s sake. 

An extensive Preparation is necessar 
course. Subject-valid conte 

knowledge of the various areas. N 


a e 
eee © ‘one person, however, is likely to have the wide sub 
knowledge which is necessary. The 


5 fa A iscipl! 
subject training of a teacher is hard enough in one dis¢!P 
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and a physics teacher is unlikely to have the necessary biological or chemical or technical 
knowledge to construct a satisfactory multidisciplinary curriculum. This can only be done by a 
group of teachers, each a specialist in his own subject. 


13.5 EVALUATION 


It is essential to find out whether or not the objectives set for the teaching of integrated science 
have been effectively reached. Yet because of the rapid development of such schemes evaluation 
1s particularly difficult. 

The temptation rather is to launch more and more trials and to attempt to adapt schemes to 
the general aims of society. This has led to an unstable proliferation in the development of 
integrated science teaching. : 

It is, however, essential to attempt to evaluate more thoroughly the effects of integrated 
Science projects before too readily encouraging others. There are many questions to be answered 
Such as: 


(i) Have the pupils acquired a unified vision of science? 

(ii) Have they fully realised the social implications of science? 
(iii) Have they fully realised the implications of relationships between science and technology? 
(iv) Have they mastered scientific methodology a 


studies? 
(v) What is the impact of integrated science on the interest and state of mind of the 


ll the better by virtue of their integrated 


learners? 


13.6 INTEGRATION OF SCIENCE AND TECHNOLOGY 


, i hnology, the precise nature of this 
Although i iously a link between science and tec 2 ecise i 
link is Aa P Rape Sometimes the technology comes before the scientific study, as in 
e€ case of the dock mechanism which was invented well before the time of Galileo or Newton, 
n the other hand, modern electronic circuits are only possible because of prior discovery o 


semi-conductor principles. 
pi een the two cultures of science and technology. The 


; ivision betw x x . . : 
ge s kip sha: : aa el reductive and simplifying. In science one is trying to isolate a 
secik o R e a nomenon and to find a pattern which will lead to a model or theory. 

a mletar essentially synthetic, as it gathers together a whole range of different 

Skills and insights [7]. Neo earnet 

i ; is particularized. Newton’s laws are and should be the same 

een me mis oe papers a how you teach them will vary from culture to culture 
ere, but how 


epending on the psycho-cultural make up of the students. 
i i f science and technology it is necessary to 
I i a successful integration O í y 
ook bao Lhe of each and then to try to fuse them into a coherent whole [8]. 
The thematic approach to int 
example with an internal combu 
On science, and its construction, 


egration is probably the most appropriate. One might start for 
stion engine and discuss both its principles, which rely heavily 
which is dependent on technology. The affect that such engines 
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have on the environment should also be considered. 


isti ining: labus of applied sciences (Engineering 

existing schemes are worth examining a syl ; i BIGGI, 
aat at he eonda level recently developed in the United Kingdom [9] and an initiative 
into science and technology being tried out experimentally in France [10]. 


13.7 CONCLUSION 


In conclusion it seems that recent efforts at innovation in the 
particularly of physics have a tendency to move awa 


integration are proposed instead. It is not always certain that thorough reflection on the 


respect if their objective is to see such an attit 


wait for a conclusive answer patiently, it is the scepticism that stems from intelligent reservations 


and the maintenance of doubt, the respect for work done in the past, and a desire to question 
assertions coming from sources that are authoritative.” 


One must nevertheless continue to encou 
less ambitiously, at coordination. Certainly 


the teaching of science. We should also enc 
have greater contact with other fields of hu 
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Technology must not be se 
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science teaching (11—13 
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n of the SCISP programme. 
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environment. 


) taught by the same master. 
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on of the teaching of physics with other sciences, Another (10th) 


One chapter (8th) concerns the integrati n t 
ie the Rrip between physics and technology in general teaching, 
SCIENCE AND EDUCATION IN DEVELOPING STATES. Ed. Philip and H. Gillon. Praeger Publishers, New 


Y 
oe in Latin America and Africa. The development of links between 


Examples of integration of science teaching in the U.S.A. 
science and technology (social and economic aspects) in i 


i a dt 

LEARNIN E. The world of education. Today an ; l 

P; mi i n is is laid on the development of organic ties between the teaching of science and the 
articular emphasis i 


teaching of technology. 


omorrow. Unesco, Paris, 1972. 
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14 Pre-service and in-service training of 
secondary school physics teachers 


ments and trends are summarized. Different method. 
countries are discussed and current and 
considering pre-service and in-service tra 
reported. 


Consideration is given to the importance of teachers’ centres, the significance of the activity 


of physics teachers’ associations, the implications of the widespread use of new technologies 
in both industrialized and developing countries, j 


The next part of the chapter deals with some problems and challenges and it concludes with 
a series of recommendations made by the working group. 


14.1 INTRODUCTION 


The lack of well prepared secondar 
phenomenon. A comparative review 


e significance of their task. 


. . . i ili 2 
I Ow salaries, lack of Incentives, lack of prestige, instability 
personal position and lack of guid inni i 
lack of educational facilities and a 


The present Teport will not deal explicitly with the problems of teachers’ status. Ta 
nevertheless, exist and must be kept constantly in mind as they are boundary conditions strong 
affecting the actual possibility of improving the whole of the teaching profession in a country [21 


ncillary support in schools. 
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14.2 PRESENT DEVELOPMENTS AND TRENDS 


ARZA Divicteni Wictivds siea ERKE 
It is generally admitted that at different age levels, the methinds ob tuincltiiig on oe 
as they are tied to the psychological development of the pupils. They start from a mainly 
phenomenological and descriptive approach in the first cycle (11--14), and go on to the more 
abstract and deductive treatment, only applicable when the full stage of logical operations is 
reached. These different methods of teaching physics. at different ages are also tied to the 


development of mathematical knowledge and skills. 


The education of future physics teachers is divided into different levels (usually two) all over 
the world. For instance, in Belgium the physics teachers for the three lower classes of secondary 
schools are trained, for two years only, in special schools (écoles normales); in Hungary, in spite 
of the fact that even in the ‘upper primary’ physics is taught as a separate subject, teachers for 
this kind of school are trained in training colleges for three years, whereas the teachers for the 
second cycle are prepared in universities. In Israel the first two years of a university course for 
teacher training are required in order to teach physics in the middle-schools (lower secondary), 
while the complete four-year course is necessary for high-school teaching. Similar patterns may be 
found in Japan, New Zealand, Spain and Jugoslavia [4]. In the Federal Republic of Germany, a 
five year university course is required for teaching physics at the higher level, while three years 
in a teacher education college are requested for the 10—14 level. Eighteen months practice after 


graduation is necessary in both cases. 

In other countries, no less than a four-year university course is required for teaching physics 

even at the lowest level of secondary instruction and this depends, of course, on previous school 
degree is required, but while this must be in 


physics courses. In Italy, for instance, a four year is re i 
physics or mathematics in order to teach high school physics, in the lower classes (scuola media) 


a teaching certificate in science (physics being a part of an integrated science-with-mathematics 
course) may also be granted to a wide variety of graduates, for example, in chemistry, biology, 
Mathematics, Similarly, four years of university leading to graduation are required in Egypt and 


various ot Ethiopia and Brazil, and as far as we know, in the majority of the 
ker irab states, P s are needed for the training of grammar school 


third wo i enmark, six year! 
zid oe 1 D i e content of these university courses and of the 


physics teachers. To get a correct idea of th 1 th 
depth of treatment = the subject matter, a detailed analysis would be necessary, but this is 


Outside the scope of the present chapter. 
urses centred more on educational subjects, while the 


In tion offer cou 1al su ile th 
n i a Ses more physics-centred. For this reason, university graduation in 
physics is generally linked with post-graduate educational and professional training. id 
graduation in France, one year is devoted to practise teaching in schools by gs of t = 
students at a time, under the supervision of a senior teacher (conseiller pedagogique) [6], and the 
Same method was also used in Belgium. Now a reform is in progress in France, with the institution 
Of the Centres de Formation des Maitres [7], similar in some respect to Teachers’ Centres. One 
year’s training after graduation is required in Israel, Spain and ac and such a course is 
common in England and Wales. In Denmark, a six month course is required. 


ning after graduation (at least one year) is of particular importance 


cs specialists. The demand for graduates in scientific careers is 
lised countries, while at the same time mass instruction and the 
cation tend to produce increasing numbers of them. Some are 
profession as a remedial solution. They will not be suitably 


A period of professional trair 
when graduates are not physi 
Steadily decreasing in industria 
rising level of compulsory educati 
likely to seek entry into the teaching 
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prepared to teach physics either by their subject centred education or by any strongly felt 


personal interest [9, 10, 11]. A year’s training in professional and educational subjects before the 
year of induction into the profession will be a real social necessity. 


For their part colleges of education tend to give longer and dee 
reach a level which could stand comparison wit 
professional and educational training. 


per subject preparation to 
h university standard in addition to concurrent 


A typical example from the English colleges of education is a co 


ncurrent course joining subject. 
studies with education and methodology leading to the award 


of the Bachelor of Education 


a concurrent programme based on 18 hours a week 
could be [13]: 


1. Major subject (physics): 500 hours 
Minor subject (possibly chemistry or mathematics?): 200 hours 
School experience: 250 hours 


Professional studies: 400 hours 
Education studies: 300 hours 


The physics programme should include, in addition to the specific topics, suitable mathematics 
courzes, the history of physics, and some application of physics to other natural sciences. The 
professional programme should aim at different Specific activities such as the use of new teaching 
techniques, laboratory organization, maintenance of equipment and construction of simple 
apparatus, use of different kinds of teaching aids (including computer-assisted instruction): 
preparation in various assessment procédures [14] 


and the use of evaluation methods, Educational 
studies will include psychology and sociology, sui 


tably blended with teaching methods. 

Courses of this kind follow the recommendations of the Eger Conference [15] and e 
conclusions of the James Report on education in England and Wales [16]. The Report analyse 
the general situation in England, and formulates a number of proposals to improve the training 
of teachers at the secondary level. Many of the Statements of the James Report, reflecting 
present-day trends in the policy’ of te 


e acher training in general, can on the whole be endorsed a” 
applied to the training of physics teachers as well. 


In fact scienc 
sixties. The ‘swin 
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Student unrest has been heavily based on these assumptions and one of the results is that, 
typically, in the U.K..the biggest growth point in recent years in academic sixth-forms has been 
in the percentage of students taking mixed science/arts A levels [8]. An analogous trend can be 
found practically everywhere in industrialized countries. It is hoped that science-with-education 
degrees may help to span the art/science divide. They are vocational degrees but, as in Italy, they 
do not restrict their graduates to school-teaching even if the majority of graduates do in fact 
teach. The result of this kind of degree should produce not only an increasing number of well 
qualified science teachers, but possibly open a number of new careers in addition. 


14.2.2 Training Methodology 

At the beginning of the last decade the training methodology for physics teachers almost 
everywhere in the world appeared to be rigidly traditional. In every subject formal lectures were 
the main teaching method, not only for scientific courses proper, but also for the educational 
Ones. In some countries, practical work in schools was non-existent or very limited and haphazard. 
Of course there were important exceptions (for instance the practical courses in the Federal 
Republic of Germany [4] and the ‘stages’ in France and Belgium [6] ), but the general trend was 
to teach intending teachers mostly with ‘talk and chalk’ methods, even when they were encouraged 


not to teach with ‘talk and chalk’ in their future profession. 

Thi ill i icularly true in developing countries, partly due to the educators of 
the an pees ewan pine foreign teachers themselves. Often they wg not vel 
acquainted with the habits and the local resources of the country, and frequent 7 no eyen pa 
to speak the local language [19]. The importance of this phenomenon can a ae oni : 
following figures [20]: in 1968 the Development Assistance Committee on a As 
the services of 1161 teachers for teacher training, mostly from industria A bee ries. The 
United Nations Development Programme is also supplying personnel for teacher training: many 

Arab countries, for instance, come from Egypt [19]. These 
ff are essential, because of the shortage of physics and 
this shortage has different origins from those in 
inantly by a sort of ‘brain drain’ inside the country 
trative careers to the detriment of teaching. 


Contributions to the local teaching stall 
Science teachers. In developing countries, 
industrialized countries, being caused predom 
itself, which favours technological and adminis 


The impact of the new physics curricula 


The develo t of the new curricula for secondary school physics teaching, which has 
pmen 


x reat value for training teachers as well. A critical 

e a coe ge a he ee Physical Science and the various Nuffield pre 

(to quote onl ; mene was easily introduced into traditional training ea | ae pris ķi 4 
Material was available and sufficiently cheap. For he ae the S vee si A aa 

of work were rapidly obtained and had a lasting influence on their teaching afterwards. 

p: for a teacher training college, based on one of the new proposed 

si bre T orl, In this aautse sence ad atemsi 

‘ iversit x . In this course, ics 

m i Pa ae packed (following the College edition of the textbook 

Produced at AR EDC [23]); the other topics can be taken at a variety of times, but the most 

important feature is the emphasis put on laboratory work and discussion of physics problems, 

Only one tenth of the whole planned time being devoted to formal lectures. Subjects range from 

course) to experimental physics, experimental chemistry, chemo- 


Physi i two year i i i 
a arg a physics, workshop practice, testing and measurements, native language, 


A very remarkable course 
curricula (IPS) has been develop 


193 


Physics Teaching 3 


practice teaching and educational psychology. Among the electives a foreign language is strongly 
recommended. Most importantly the general strategy is based on the assumption that teachers 


teach the way they were taught, and the whole programme is therefore consistent with modern 
ideals of good school science teaching. 


Another outstanding example of pre-service teacher training material is the 1 ise of 
: ast enterprise 0 
the Nuffield Foundation, known as th aa 


colleges of education for the prepara 
student teachers. The purpose of these activities was to help the transition from the role of 
student to the role of teacher, and 
philosophy etc. can be used to help s 
1970 and, from the beginning, the tri 
Australia, Hong-Kong, Israel, Nigeria 
published [33]. It consists of a series 
(slides, film-loops, video- and audio-ta 


e James Report alread 
ed to pre-service edu 


followed by in-seryj Re icula; principle of a first training sta&° 

y In-service training cycles should be adopted”. Still ions clearly the — Report 

training of teachers hav y service training and induction, and sub nt in-service 
ae e to be regarded as consecuti ee A ich a 

parts are indispensable, and, although separate, n Smaart ag antes aa 


The variety of approaches 


So far, there is an alm infini i 
teachers ennui Bac (ape variety of approaches to the in-service training of ph yae 
Een ee Por ad ormal and loosely structured discussion groups, to the highest 


aer > studies. f a ar 
local authorities, universities and aa ered organized by very different bodies (ministries, 
> chin; 


g centres and teaching seminars, teachers 
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associations and even industries) and may be widely different in format and duration. Full-time 
courses can last a day or a few weeks, or even a whole term. Part-time courses can last for part or 
the whole of a school year with only a few periods a week. These courses may be concerned with 
content or methodology or both. It is interesting to note that a number of in-service courses are 
focused on some inter-disciplinary study to bridge the gap (or the supposed gap) between science 
and the humanities [27]. From the Eger conference recommendations and from the James Report 
it appears that a minimum of one week of in-service training a year and one term (12 weeks) every 


seven years for serving teachers is essential. 


In some countries, in-service training courses are compulsory, but more frequently they are 
left to the free choice of the individual teacher on a voluntary basis. If the in-service seminars are 
not held during summer vacations, schools must find replacement teachers and this may involve 
some difficulties and consequently some resistance from the school administration. On the other 
hand, as in-service training is considered more and more a duty rather than a right, these kinds of 


difficulties will have to be overcome. 

A remarkable case is provided by Hungary [4], where teachers have many different ways of 
taking part in in-service training courses: the participation is not compulsory, except for the 
course organized yearly by the Ministry .for inspectors. ‘Tt has to be taken every year, at the 
national Institute of Education, and lasts three days. During these courses inspectors give reports 
on the conditions of physics teaching in their district, and collect information and advice for the 


next school year. 


The induction year 

The first step in in-service training is the first year in the teaching profession, after certification. 
In England this is referred to as the ‘induction’ year. According to the James Report, it is the 

Most important period in the whole of the professional life of a young teacher, who must be 
i th by experienced school staff and by tutors. At the present 

eriments to find the best methods of providing 


14.2.4 Teaching Centres and Teaching Groups 


i i at the training institutions and have the important function 
Teaching Centres are often organized place where they can overcome the frustrating sense of 


Of providing teachers with a meeting t / r 
isolation which is one of the most serious drawbacks in the teaching profession. 
i ra ing: they are organized by teachers for 
£ ers’ groups’ are also starting they 
eo meny places paali is considerable: Their limitation is that they can reach only a 
rh e of teachers so that their impact on the improvement of the quality 


Of teaching in general remains quite modest. ; 
on centres were first established in 1960; ten years later about forty 


er the country and their number seems to be increasing. In-service 
for all Japanese teachers. As elsewhere, in-service courses are also 
(prefectural offices), the local physics society and so on 


In Japan, science educati 
Were already in operation all ov 
training courses are compulsory ue 
reed by industries, local authorities 

9], 


In the USSR, re-training has been a huge problem, as there are about 80 000 physics teachers: 
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lution has been provided through the foundation of 180 state institutions for re-training, with 
Saas compulsory for every Soviet teacher at least once every five years [30]. 


Some examples 


In some countries, and especially the developing countries, in-service training is valued by me 
? . . . . 

Tale as a means towards earning more money or enjoying more prestige. This may occur r 

matter whether their teaching performance has improved or not [31]. 


e of these countries have provided outstanding examples of in-service training 
se etn ite One example is the African Primary Science Programme, working a 
1965 and developed with assistance from the Education Development Center, Se 
operating under a US/AID contract. The material produced is the result of the ge ae 
and classroom experience of many people in several African countries: Ghana, Kenya, Ma $ = 
Nigeria, Sierra Leone, Tanzania and Uganda. An analysis of Nigerian science teachers opinion 


an in-service course held in 1972 was presented by C.B. Oguntonade at the first annual conference 
of the Sierra Leone Association of Science Teachers (July 1974) [26]. 


i y applied to the local conditions of life 
and work [32]. 


14.2.5 A Few Words on Educational Technology 

In the preceding sections there has been no room to consider ‘educational technology’ separately 
many cases, physics teachers are S 
far as educational technology is concerned. Many oft in 
ysics teachers to perform their task more effectively © 
deal with audiences of 600 pupils? How can pupils b 


A number of new t } and it is 
and their us se is confined to unusual situations an 
difficult to generali i i 


Physics teachers sho 


€ uld be trained to use the 
also be encouraged to 


provide the much 
The danger of ‘dehum 
assisted instruction 


Id 
Se new methods of teaching critically. They shou 
-needed fundamental feed-back. 
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training physics teachers. Let us then add a word of warning: even the new technological means 
can be used like the blackboard in the ‘talk and chalk’ method. Film loops shown without 
stimulating pupil involvement can be as dull as any unfortunate blackboard sketch. z 


An interesting example of a multi-media approach, which apparently can also be used for 
physics teachers’ training is the autolecture/seminar, developed first by Breme and later by Baez 
in summer courses at Harvard University [35]. The system consists essentially of lectures divided 
into two phases of equal duration (about 45 minutes each): the autolecture and the seminar. 
Stimulation is provided by the autolecture, which employs audio-cassettes channelled through 
a high-fidelity recorder plus an overhead projector. All the ‘software’ (or shall we call it ‘teach- 
ware’?) can be prepared by the instructor beforehand, and then duplicated at will. Copies of the 
transparencies and notes are handed directly to the students. The seminar provides the opportunity 
for discussions, critical study, and individualized teaching. This technique makes it possible to 
deal with large classes and to proceed at each student’s individual pace. This is a striking example 
of an approach strongly based on personal relationships (through the notes and the seminar 
activity) even if the individual tools are ‘cold’ technological devices. : 


The mass-media (television, radio broadcasting) can also be invaluable aids in providing 
in-service facilities for training teachers. The Open University in the U.K. is perhaps the most 
impressive example of integrated mass-media and technological devices, combining television and 
radio programmes with home study and short intensive instruction periods in summer schools. 
About 25 per cent of the 40 000 enrolled are serving teachers [34]. 


However, as far as the mass media are concerned there is also the danger that an improper use 
of their powerful influence could result in an authoritarian and dogmatic instruction and, in the 
last resort, transform them into a means of ideological pressure. This aspect could be even more 
Serious in the case of teacher training, since the consequences grow exponentially. 
must remind ourselves that the most ancient techno- 
an honoured place, and that the logical operations 
Connected with the personal (and original) reflection on the ‘aaa aer r pige — 

e entirely replaced by the language of images alone. Therefore a oie same spr parn on 
could not be complete without training in reading and pone some q i minal woa n 
Outstanding physicists of the past and the present time. The-p mpc e mai enanss ola 
class or school library, and its daily use, has also to be learned i ea Ae E pet pe 

e a reasonable number of specialized periodicals on the na seta 5 — p y 
Other sciences, to get teachers acquainted with the latest developmen ; 


Before ending this too rapid survey, we 
logical visual aid, the book, still deserves 


14.3 SOME PROBLEMS AND CHALLENGES 
In the previous sections, many problems have emerged. We would like to summarise at least some 


of them. s , , s 
1 ected with the foreseeable evolution of our social life: 

a pp iaa r e by broader layers of world population will require increasing 
numbers T teachers: but, as the average scientific instruction is Hikely to be more on the line of 
‘integrated science’ (at least at the lower levels), more teacher training in integrated sciences will 
© necessary. (2) A ‘technological literacy will also be necessary in the training of physics 
teachers as our physics teaching is moving away from being purely physics for physicists towards 
more applications in ‘physics for action’ and also more significance as ‘physics for citizens [36]. 
(3) Following the trend for ‘continuous education for everybody, teachers have to be instructed 
on how to deal with adult education and with the education of the slow-learners and handicapped 
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children. (4) Every effort has to be made to overcome the isolation of physics teachers, even 
inside a single school. 


But the most important problem that we have to consider is the training of physics teachers 
Of course, we are well aware that the ‘swing from physics’ of the younger generation may n 
motivated by the general dissatisfaction of students who are at present sensitised to the n 
aspects of the problems underlying our everyday life: the huge problems confronting Humen 
at the present time do not appear to have very much to do with the elaboration of abs d 
physics theories. But it is no less true that the higher intellectual standards that can be pie oa 
by scientific speculation are an important challenge for some of our students and we have no b 
right to deprive them of this intellectual challenge. The difficulty of the task should not i 
us from trying if we are convinced that the development of physics has been of essential importan 


in the construction of our modern civilization itself and that the best values of modern civilization 
are worth defending and developing. 


, but necessary for any sufficiently 
deep understanding of the nature of modern science as a whole 


This challenge throws a special 
of the staff for physics teacher training courses and 


to 


14.4 SOME PRACTICAL SUGGESTIONS 


14.4.1 Pre-service Training 


The working group at the Edinburgh Conference considered that the 


be 
following items should 
included in an education course for physics teachers: 


(a) A study of fundamental physics princi 
become familiar with the methods of scientifi 


are going to teach at school level and p eading 
throughout their careers to keep up to date with physics and physics education through T 
Journals and books. 


‘afl 
—_ ogica 
(b) A study of how scientific thinking has developed and of the social and technolo’ he 
importance of science. An example of the materials which could be used for this study 
correspondence between 


ed fc 11 tw? 
: Ampere and Faraday on electromagnetism which illustrates We 
different conceptual approaches to the same problem. 


(c) A training in the following skills 


ie organization and guidance of students’ laboratory work, 
pA preparation and execution of demonstrations, 
z, evaluation, purchase and maintenance 


(not in order of importance): 


of laboratory equipment, 
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4. organization of different forms of learning (lectures, discovery and inquiry methods, 
structured and open-ended activities, self-instruction methods, etc.), 

5. assessment procedures (for example, the preparation of and the marking of fixed 
response and free-response tests, essays, oral assessment, assessment of experimental 


skills, of project work). 
(d) A comparative study of the various ways in which different topics may be treated at 
different ages and different levels of ability. This might include (i) a study of selected parts of 
recently developed physics curricula illustrating their different aims and methods, (ii) a small 
project in which the student himself develops some curriculum materials. 


(e) A study of general educational theories, related to problems of physics education and of 
psychology, focused on the learning abilities of pupils at different ages. It was suggested that 
seminars conducted jointly by a social scientist or a philosopher and a physicist might help to 
relate general educational theories to problems in physics teaching. 

erience of school teaching under the combined guidance of experienced school 
ff. Students should be introduced gradually to teaching, 
for example by giving demonstrations to their fellow students, teaching fellow students, micro- 
teaching, group teaching, working with an experienced teacher and taking parts of his lessons or 
parts of his classes. Audio or video tape recorders might be used so that students could play back 
their attempts at teaching. Efforts should be made to sharpen students’ understanding of inter- 
Personal relationships and to make them aware of the importance of their attitudes towards their 


Pupils. 


(f) Practical exp 
teachers and of college or university sta 


14.4.1.2 University and College Teachers 

It is highly desirable that the college or university teachers responsible for guiding the education 
of fiture I c a should not only have the qualifications in physics but also considerable 
experience of physics teaching at school level. Throughout this education, the methods used 
should be such as to develop in students the keenness and the ability to continue to learn 


throughout their teaching careers. 


The education o f future physics teachers at universities - 
redominantly for future research workers; this emphasis 
Contributes to the low prestige of school physics teaching and may lower the confidence of those 


hile the group was agreed on the problem, it could not 
ee Het a aria ete felt that an educational component ina physics 
degree course should be of value to future research workers as well as future teachers in helping 
them to communicate with others about their work; others felt that an educational option was a 
Possible solution (as at the University of Leeds); one university (MacQuaine) had designed its 
Physics course specifically for future teachers, and future research workers were the anomally; 
Others felt that in their countries it would be unrealistic to try to change degree courses in these 


Ways. 


University physics courses are designed p 


The education of teachers at colleges of education 
It was th : untries there was a trend towards placing more emphasis on the 
o in some CO ‘ é i 
dub et Tanpi ea yii itself at the expense of the education component). In each situation 
e relative proportions need to be studied to ensure that the balance is optimum. 
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14.4.1.3 The Influence of Local Conditions 


It was emphasised that any attempt to follow the recommendations given in this chapter must 
take into account local conditions. It was realised that in developing countries, for example, a 
shortage of teachers at all levels might lead to a curriculum very different from that given above, 
with perhaps more emphasis on teaching physics with very simple apparatus constructed men 
inexpensive materials readily obtained locally. However some felt that the construction o 

equipment out of everyday materials should be considered as part of the education of teachers = 
developed countries as it encouraged them to be inventive themselves and to provide creative wor 

for their pupils. 


14.4.1.4 Teaching at Different Levels in Secondary Schools 


It was recognised that the growth of integrated science teaching in the first years of secondary 


schools was making it even more difficult to prepare teachers with a sound grasp of the subjects 
they were expected to teach. 


14.4.2 In-service Training 


Recent changes in physics education, such as the intr 
increased emphasis on experimental work and the 
sophisticated theoretical concepts, made in-service trai 
recommended: many forms of in-service training exist 


Oduction of new teaching methods with = 
introduction into school courses of a he 
ning a necessity. No single pattern could 

ed, and coexisted even in the same locality: 


In some countries the factor limiting in 


; n ent 
“service courses is the provision of replacem 
teachers. 


. p to 
Members from developing countries expressed the view that Unesco should do more | 
develop In-service training, perhaps by providing the fu i 
its own courses rather than i 


14.4.3 Teachers’ Centres 


r by 
gether in teachers’ centres. Centres organized g 
ntres organized by central authorities, universi ified 
Te groups can obtain tutorial help from highly D ets 
ma. ut m . i T ři ion 
can be kept at a quite modest level. uch more efficient ways. In this kind of organizatio 
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14.4.4 Isolation 


In addition to the physics centres already mentioned, two steps could be taken to help teachers to 
Overcome their tendency to isolation. First, the GIREP survey could be broadened and improved 
[4] through a wider co-operation involving the largest possible number of countries possibly with 
the help of Unesco. Second, an International Directory of all periodicals and journals (including 
the most important newsletters) dealing with the teaching of sciences in general and physics in 
particular should be prepared and possibly sent to schools and teaching centres. 


A similar directory for the existing science or physics associations could prove useful [38]. 
Wherever possible, national associations and individual schools (in addition to single interested 
teachers) ought to be encouraged to join other associations. For this, slight modifications of the 
Statutes may be necessary in some cases. Members of the different associations present at the 


conference might be urged to study the possibilities, possibly with the help of Unesco. 


14.5 CONCLUSION 


In conclusion, we would recall that any teacher education activity is strictly tied to the political 
choice shaping the school systems in any one country. These choices are not only determined by 
the declared aims of secondary education, but also by some existing constraints like the extent 
and duration of compulsory education, the industrial and economic pattern of the country, its 


traditions and its cultural background. 
The general conclusions and recommendations of every international report must therefore 
e sufficiently flexible to be adapted to rather different situations; but in any case individual 
teachers must also be trained to make their own choices of methods and content for use in a 
World in which new balances between knowledge in specific fields of scientific investigation and 
the uses and implications of this knowledge are painfully sought by the younger generation. 
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15 Physics for technical education and 
technological literacy 


This chapter consists primarily of the paper written by N.H. Frank, modified slightly by the j 
working group at the Edinburgh Conference, which was responsible for the recommendations 


ering the several purposes of teaching physics, 
with particular reference to the supporting role of physics in technical education. After com 


15.1 INTRODUCTION 


Physics is usually taught either as part of pre-professional e 
or in support of occupational goals other than that of be 
the quite different requirements of these categories, th 


; achieving 
egory is the specific purpose of oe ee 
in the production of technological de erin 
cially those in industrial and engine 


Many of the specific technical occupations, espe ton 
and systems that are heavily dependen 


technology, involve coping with materials, processes 
what is euphemistically called applied physics. 


for a solid and useful knowledge base. Wit 


adapting successfully to new skill requirements without painful retraining, let alone MO 
upward in his chosen area. 


15.2 TECHNICAL EDUCATION AND PHYSICS 


p „ed IP 
Although the need for science (especially physics) and mathematics has long been recognis®? 
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technical education and although most technical curricula include courses in physics and 
mathematics, there is general agreement that these subjects fail dismally to accomplish what is 
expected of them. The technical courses lying at the heart of the curriculum generally fail to rely 
on what has been learned in the physics course. It is not uncommon to find electricity and 
magnetism excluded from the physics course and taught by staff of the electrical or electronic 
technology departments. 


Because of this plight of physics in technical education, a national conference of physics 
teachers in post-secondary technical institutes and community colleges was held in the United 
States in May 1969. It aimed at planning a new and hopefully more effective pattern of teaching 
physics [1]. It was agreed that experimental experience would be more suitable for technical 
students than text-book centred learning, and that this experimental experience should occur in 
a modular format. Each module should be centred on the operation or performance of a real 
device or system, preferably one familiar to the student, and should occupy the students for 
some two to three weeks. The availability of a sizeable number of such modules, some thirty to 
forty, broadly conceived, would then enable schools with different clienteles, levels of aspiration 
and a variety of student backgrounds and teacher capabilities to synthesize physics courses best 


suited to their individual needs. 

The American Institute of Physics set up a national steering committee to plan a programme 
for the production of such modules, and this committee and four production centres were 
Subsequently funded by the National Science Foundation. The adoption of an experimental 
modular format for the teaching of physics raises a number of questions. These include the 
following, : 

Should the experimental experience be deployed primarily to illustrate physical principles 


i i ience? 
or should the underlying physics emerge from this experience? 
2. Should such an experimentally centred course “3 co ieee structured? 
3. How extensive in scope and time should a module be? ; 
4. . Should the physics lebont be separate from technical laboratories? 
5, 
6 


; i tially technical in nature? 

Should the experimental processes and devices be essen 4 
How shouid Taboos i used in conjunction with an experimental module? Do we need 
n the hardware? , ; , 

7. Since pph = (both with respect to level and variety) of experimental and written 
teaching materials is called for, should the individual modules that serve as resource material 
b i g ined? f , ; 

8. Gor ‘the oe po ance be made sufficiently cheap, available and viable so that schools 
can afford it? 


No firm answers to these and other questions were gi 
emerge from the production and field trials. The res 
later in this chapter. 


ven but rather it was hoped that they would 
ults of this effort to date will be discussed 


15.3 HOW PHYSICS IS USUALLY TAUGHT 

Th A laboratory-centred investigative mode of teaching physics has 

Teg pia or beyond the relatively limited purposes of technical education. The 

n ke that eee in the extent to which physics supports and strengthens the main thrust 

ey tas or Ceres programme, whatever area of technology is involved. The role that 
AMCAN ecu ful support for educational missions or targets other than 


Physi : iding meaning > é : 
ysics can play in prov its own sake makes it desirable to examine how well the more 


at of learning physics for 1 
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traditional patterns of teaching physics are adapted to these broader purposes. 


The format for physics teaching has, by and large, been created by professional physicists and 
reflects their interest in and dedication to the science for its own sake. Generally taught as a 
Separate course or sequence of courses within a curriculum that itself is preponderately a 
collection of disciplines, only too often it tends to become a relatively self-contained operation, 
coupling loosely at best with other areas of man’s knowledge and even more loosely, if at all, with 
more general human purposes. With good reason the presentation reflects much of the historical 


minded” rather than “symbol-minded”, This indica 
physics as it supports a well-defined, unambiguo 
uncovering the strengths and limitations of a labor: 
learning of physics. 


resonance curve for current an 
curve for phase angle. But when studying optical resonance: 

: frequency dependence of the real and imaginary parts of the com ; 
index of refraction. That the latter is equivalent, despite the marked difference in the CY 


e 
plex 


: 2 tanc? 
t relative to t - conducta, 
and susceptance) as functi he impressed voltage (or equivalently the 


et trica 
ions of frequency. When this is done, the identical nature of elec 
omes evident, 


15.4 LABORATORY-CENTRED PHYSICS 
eee Bags fio 
a indicated, the Propensity of most people to move instinctively from the ee 


p at 
neral suggests strongly that there is a real need for an alternative to the conventional f0"™ 
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in the form of a laboratory-centred, investigative structure for learning physics. This does not 
mean that the traditional physics experiments will do the job effectively. Such experiments are 
usually designed to serve as vehicles that will reveal to students the “validity” and use of the 
physical principles and concepts stated in textbooks. Hence it is understandable that most of such 
laboratory equipment is over-designed. The prevailing idea that there should be a “successful” 
outcome of a physics laboratory experiment has only too often resulted in limiting sharply, for 
the student, the invaluable insights acquired by the designer in “debugging” a piece of equipment 
to insure the desired behaviour. This over-idealization of experimental investigation has its 
counterpart in textbook problems so highly idealized that the gap between the situations so 
analyzed and what goes on in real processes becomes very large indeed. Having been drilled 
thoroughly in problems of projectile motion in a vacuum, for example, it is revealing to observe 
the uncertainty (or at times consternation) that occurs when a student is asked whether a ball 
thrown vertically in the atmosphere takes longer to rise or fall. Laboratory experience would be 
greatly enriched by involving the student with manageably complex operations, and the design 
Of this type of laboratory is challenging indeed. Within it a student would have ample opportunity 
for decision-making, especially if malfunctions are exploited as learning aids, something not 
generally available within the conventional physics course. 


Experience with technical physics provides indicators as to how to develop supportive physics, 
where the educational goal may go far beyond the sharp but relatively circumscribed purposes of 
technical education. In any event the experimental work should exploit those real systems, 
Processes and materials as units for learning that are central to the goal that is to be supported. 
OF course support is generally required from areas of knowledge other than physics, but if the 


goal is largely technological, physics does play a key role. 

Even in general education, where Gerald Holton has so eloquently urged that m eed 
Physics abandons its relative isolation and be constructively coupled to other aran ne in p a 
curriculum, it would be desirable to couple physics tightly (albeit in shee ree e) to aa 
Processes and devices that pervade everyday life. The Holton proposa ning E a many on 
system with internal interactions, whereas the latter suggestion 1s more like a centr 


tec. 
ee career technological pee ee age! Spe 
Would be the attainment of technological literacy: Physics can and should supply muc of the 
foundation for the attainment of sch ITEGY WC er te n 
to make informed judgements about technology and its imp er 
As might be expected, the physics underlying the operation of neers a ee 
Systems a no ay reol the traditional topical format of meet r cost ee ines 
etween standard physics topics cease to be sharp and the resulting Sy amalgamation is 
exemplified by the appearance of terminology such as soe kine anical, electro-optical, 
hignefe-livaeacwnuitte, etc. This suggests that, when oe primarily - a supportive ae 
Physics teaching should be structured around those genera pervasive fee soan methods that 
make physics cohere, drawing On a variety of topical arcando exempli y, clarify and gain insight 
into the power of these general themes. In this way individual contributions can readily be 
adapted to a multiplicity of student interests and goals. 
hemes are forces and motion, conservation laws, flow processes 
t, oscillations and resonance, coupled systems and waves (stressing 


Maintain, service and partake in the pro 


Examples of such general t 
both steady state and transien 
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the commonality of the kinematics of wavemotion and the individuality of specific kinds of 
scalar and vector waves), scalar and vector fields, microscopic modelling of macroscopic 
systems, passive and active amplifiers, stability and feedback, statistical fluctuations and noise in 
physical systems. One may question whether this Suggestion embodies too much of classical 
physics that has disappeared from today’s presentation of physics and perhaps taints the purity 
of physics by the inclusion of engineering-related ideas. It would seem beneficial to include these 
for two reasons; it would provide a strong line for an experimental entry into physics that would 
be a distinct alternative to traditional formats and would do much to break down the unwanted 
isolation of too many physics courses from real, albeit man-made, devices and operations. 


his material. This is especially true of the 
t, on the other hand, is a far more versatile 
one asks of it, it can function usefully at 
erial in the technical physics modules has to 
h SAAS generally neither verbally nor mathematically 
adept. Hence, heavy reliance on pictorial and graphical presentation is prevalent and this helps t° 


tempts to communicate. 


15.5 TECHNICAL EDUCATION AND TECHNOLOGICAL LITERACY 


Each module was built around a domi t 
which such dissi ominant theme such as that of 


Ssipation may be enhanced or c i i erature 
ranges for the device understud ontrolled to insure proper operating temp 


l . Clearly this i i is interest? 
in physical or living Satoru y y this is of universal concern whether one is in 


y and as such is germane to educati ical literacy 
well as to technical education. The structure of a module Native Ger fp 


F sin 
heat dissipation and way 
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ments with suitable instruments, to display the data acquired appropriately and to be led to an 
understanding of how these data indicate the character of the physical laws underlying the 


phenomena under investigation. 


The general strategy for building a module is then somewhat as follows. First a general, 
qualitative presentation of what will be going on in the module, introducing requisite physical 
concepts without concern for precise definition at this stage. For example, it is possible to 
introduce the student to the concept of energy along these lines, starting with the ideas of 
mechanical energy (first energy of motion and then potential energy of configuration) then 
extending the idea of potential energy to the broader concept of internal energy of a system 
including some mention of the special character of thermal energy. Then follows a set of 
relatively rigidly prescribed experiments with the instrumentation needed to turn the qualitative 
ideas into quantitative ones, including the calibration of such instruments. 


The second part of the module is designed to have the student make such measurements on the 
device in operation as.are needed to disclose what is going on quantitatively and then display the 
Tesults of his measurements graphically. The use of graphs to get numerical answers to questions 
by its very nature avoids the discouraging task of getting students to pay proper attention to 
Significant figures in answers to problems. The inevitable uncertainties in the measurements 
themselves insure that not only the use but also the desirability of approximation methods 


become evident. Furthermore, it is not difficult to get the student to grasp the essence of the 
exponential decay of temperature as something cools. The plot of his data is the portrayal ofa 
decreasing exponential and from the graph it can be roughly established that the cooling rate at 
any time is proportional to the temperature at that instant. All SAET ea aaa Ai t 
point t repelled by algebraic symbolism, and not before, one shou 

for those etudenk who aret i= c formulation. These are general guidelines 


pull together the quantitative results into an analyti 
and while it is at mes not feasible to adhere strictly to the sequence proposed, the general 


pattern can be followed and finds favour with the students. Teachers, on the other hand, are 
tempted to be critical and their criticism is revealing. The general complaint, after working 
through a module, is that it is not ‘theoretical’ enough — an indication of how easy it is to mis- 
identify theoretical physics as the exercise of obtaining analytical solutions to physics problems. 


_The third and final part of a typical module t 
discussions that show (or are inten 


hen takes the student into measurements and 
een learned in the first two parts 


comprise the earlier experience. In t 
deciding how to proceed. It is envisage 
for about a week, and this scheme has t dul 
only the first two parts or even just the first part of a module. 

ETA : ; hich flows out of the operation of a technical device or 
Mi rpm bens Aed at eer aed that considerable self-restraint must be exercised by 
the author of a module exploiting the device in order to keep the module within manageable 

ounds. A typical example occurs when one employs a spectrophotometer as the vehicle about 
which one or more modules are constructed. Using a two-dimensional optical bench with the 
Optical elements held magnetically (templates can be used to save time and avoid frustration), 
not only does one become immersed in geometrical and physical optics, but it also becomes 
Possible to study the spectra of various Sources of light (atomic physics), to study the physics of 
various photodetectors (solid state physics) and finally, to investigate the interaction of light 
with matter as it passes through the sample to be analyzed. Thus one is confronted by a wealth 
Of physical phenomena, far too extensive for even a few modules. 
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Much of what has been presented above as the general investigative pattern for learning physics 
in technical education could presumably be adapted to general education aimed at the attainment 
of technological literacy. To be sure, the very necessary emphasis on manipulative skills for 
technicians would be considerably reduced and the choice of suitable experimental vehicles for 
learning would be made not in terms of potential job opportunities but rather in terms of the 
dependence of the population at large on technological devices and processes, especially in its 
daily life. Thus the general state of technological advancement in a given nation would be 
reflected in the way at least part of its educational programme takes shape and the latter could 
well evolve concurrently (or with minimum time lag) with national technological growth. The 
quantitative part of this sort of physics presentation might well be about the same as for future 
technicians, perhaps with somewhat more emphasis on order of magnitude estimates and 
calculations. 


It should be emphasized that the modular format ado 


is by no means sacrosanct. Any structure based on experimental investigative learning with the 


help of real devices and processes could presumably serve as well as a modular structure. The 
structure should be chosen on the basis of how well i 


pted by the Technical Physics Programme 


or to produce as a means of moving forward 
goals. 


well serve as the basic ingredients for an ‘instrume 


Entwistle and W.H, Huggins at John Hopkins University [2] has shown clearly how rich this 
process can be. : 


In summary, the suggested format of investi 
to the general rather than from abstractio 


210 


Technical education 


15.6 RECOMMENDATIONS 


The working group at the Edinburgh conference were unanimously of the opinion thai the basic 
notion of an experimental investigative pattern of learning physics showed high potential for 
effective utilization in primary, secondary and tertiary education fields as well as in technical 
educational schemes. 

Confirmation of this judgement arose independently from several other sources in the 
conference. This was evident from the address of Sir Hermann Bondi and that of Professor H.B.G. 
Casimir, from other chapters in this volume, in particular Chapter 3 on ‘New Approaches to 
Teaching and Learning in Universities’, and from the discussions of several working groups. 
hat further study be made of the development and 

; ; i i f papers relating to 
adaptation of these ideas and that funds be sought to finance (1) collation of p 
research, development and utilization of these ideas for a variety of educational purposes, (2) a 
conference to bring together participants for the purpose of devising appropriate strategies for 
the optimal deployment of basic patterns of investigative laboratory-based learning to best serve 


their individual educational goals. 


The working group recommended strongly t 
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16 Physics and recent trends in education 


upon a paper prepared by 
< report of the International Com- 
Comments and recommendations of the 

basic paper. 


16.1 INTRODUCTION 


Physics learning and teaching is an activity which interacts with many other social activities and 
institutions and with many fields of knowledge. In this chapter we will concentrate on the 


influence of certain general ideas about education and Science’ on physics teaching and 
learning. 


Education, and science education in particular, is believed t 
development, equality, tolerance, creativity, independent 
demystification of science, and so on. The type of question 
physics education as practised today further these aims? E 
pertinent to them? 


O promote aims such as: democracy» 
critical thinking, scientific attitude, 
we will be concerned with is: does 
an it further them and is it at 4 


Of course physics is a very small part of education and 


system is to reproduce its type as exact] P 
; a 
by its very nature conservative [3], oa faithfully 
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_ On the other hand, throughout history the educational system has always been intimately 
linked to the hierarchical structure of society, and it reflects the distribution of power and the 


Principles of social control in that society [4]. 


Thus often the school system acts primarily as a sieve, starting in the elementary classes and 
Operating through successive stages of filtration in order to select the future elite. The determining 
factor is the principle of selection, based on criteria determined by the existing elite, which 


continuously makes the restrictions more stringent [5]. 


Physics nowadays occupies an important place in this process of selection. In Europe in past 
centuries, Latin was the main requisite. Today the examination at the end of secondary school or 
the university entrance examination usually requires considerable knowledge of mathematics, 
Physics and other sciences. The tendency seems to be that no citizen without this knowledge will 


have access to a university and therefore to higher positions in society. 


In many countries, only people having a university degree have a good standard of living. 
Salaries of people who do not have a diploma are very low. However, the degree requirement does 
not reflect an actual need for the high-salary position: these positions often do not require 
Special abilities, at least special academic abilities. Thus the important thing becomes the 
diploma, while the abilities it is supposed fo guarantee are unimportant. Such a situation, in 
which education serves primarily to assure certain privileges for some people, produces specific 
effects in the educational systems. For example it encourages practices such as cheating in 
examinations, forging of diplomas, founding of colleges of low academic quality where anyone 
can buy a diploma, etc. It also allows syllabuses to become irrelevant and enhances the importance 


of examinations. 

The vested interests in education have tended to support this exaggerated value placed on 
iplomas from accredited institutions. The educational establishment comprises, as well as 
teachers and educational administrators, many businesses connected with ag saeh as 
Publishers, audiovisual material producers, school furniture factories, etc. These forces have 


pressed for a continuous expansion of the number of schools. 
n Illich, feel that education today is so strongly influenced by the 
nt that the only way to allow education to truly serve mankind is to 


‘de-institutionalize’ it, to ‘de-school’ society [6]. Education would continue to exist but would 


n 3 other institutions. Actually the school asa place where 
9 longer be a monopoly of schools acl teach) is a very useful institution which will probably 


People get to r to study and learn j are ; 
Survive ice it It would seem that the important point is not to abolish schools but 


to abolish the privileges pertaining to degrees. 
no privileges, the whole structure of education would be 


ite ee Se ai have been the main imi sie cine ek ere 

Odern society is very technological and complex and pE aar HUR, na ne - ee wr it 
technicians The economic and military strength of a nation i 5 oN à tn oe ne 
Manpower ‘and this has been the reason why these people have een ae e past. The 
abolition of rivileges related to degrees would therefore have T political consequences. 
t affects Mery yeti of the réle of education in a and would not be possible without 
Profound changes in other aspects of the social structure [7]. 


_ Some critics, such as Iva 
Interests of this establishmer 


À, : i t part by the benefits which they expect from 
The atti ts is determined in grea t i i 
e a of degree privileges would affect their attitude very much and would 


ring about changes in the teaching and learning of all subjects, including physics. 
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Issue 1: Should (and can) privilege pertaining to degrees be reduced or abolished? How would 
this affect the teaching and learning of physics? 


Physics is one of the required subjects at the end of secondary school. Since it is a difficult 
subject it seems very useful as a means of selection of the elite. One may ask oneself whether 
today’s requirement of physics will look as unimportant in future centuries as knowledge of 
Latin seems to us now. The argument in favour of physics seems quite reasonable: society today 
is so dependent on science and technology that a basic knowledge in these fields is indispensable 
to anyone destined to make important decisions. We have probably all used this argument on 
many occasions. However, what is the empirical evidence supporting it? It can also be argued 
that knowledge of science is not essential for intelligent decisions. Certainly in the past people 
who made decisions had very little knowledge of science. 


Issue 2: What knowledge of physics should be required at the end of secondary school? 


16.3 EXAMINATIONS AND GRADES 


cts of examinations can be much reduced wh 
e are important aspects of examinations whic 


Assessment in some form is often a necessary part of the learning process itself. However se 
Social significance of the examination is often so important that its function in the learning 
process is impaired. 


. - aN ations 
Issue 3: How would we teach if there were no examinations ofany kind? Or if the examination 
had no effect on what the student was allowed to do later in life? 
Examinations seem 


ni i , ain 
j necessary as conditions for granting a licence for the practice of cert? 
professions — surgeon: 


s are often quoted as examples — in order to protect the public from 


AON are thus thought of as ‘mock-ups’ of situati ich the examinee W 
-ups’ of situations which the exam $ 
face in life and pretend to verify whether he will in fact be able to face that situation successfully 


o 
: are far removed from ‘ ife’ situati clusively 
the academic world, closed upon itself. om ‘real life’ situations and refer exc 
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Physics examinations, in particular, do not usually resemble any real situation which the 
examinee is likely to encounter in life. Physics is a ‘pure’ science; by definition only ‘applied’ 
Science situations occur. Physics examinations usually test whether the candidate knows the 
meanings of certain key words and makes certain abstract operations with them. As far as the 
general intellectual abilities being tested are concerned, the subject of the examination might 
well be Latin. 


Some professions seem to be relatively free from the scourge of examinations. Football 
players, for example, are not selected by examinations but on the basis of how well they play. 
This does not mean that an intensive educational (usually called training) programme is not 
necessary to make a great player. However his competence is determined by a more direct test 


than school examinations. 

Actually the competition for the best places within a profession is always made by more 
direct measures of success than examinations. If one tries to determine the correlation between 
success in professional activities, on the one hand, and results and grades in schools, on the other 
One usually finds that the correlation, if it exists at all, is extremely small (this has been shown in 
a number of studies, particularly with respect to university grades; see the review by D.P. Hoyt 
[8]). The lack of correlation between university grades and subsequent professional success shows 
how arbitrary the selective process of the educational system is. Particularly questionable are the 
large selection examinations at the entrance to the university. 


Issue 4: To what extent would it be desirable and possible to abolish examinations, and physics 


examinations in particular? 


16.4 LEVELS AND PREREQUISITES 


ructure is the division of all knowledge into 


Another related characteristic of the education st s 
levels. It is as if God had created nature in three parts: secondary school, undergraduate and post- 


ientific point of view. This 
graduate le . Only the deepest level makes sense from a scienti n I 
Mania has wee affected university courses. Since the irae kona rams! Serene 
in the last forty years, undergraduate courses have in iy sion oaeoi a Seni A 
land between the school introduction to a subject and the Poly courses for scientists or 
Comes to grips with the subject. For example, erage eo Pete Aa St’ 
engineers are usually very unsatisfying for both students a = ne Sesion thik ek Thos 
short of anything real, difficult or profound. One Some a et reconstituted [10]. 
artificial food, dehydrated science or the like, which does not g a 
i uses teachers to make a subject unnecessarily difficult. 
o make it easy, is ‘spoon-feeding’ and would lower the 


The concept of ‘level’ also sometimes ca! 
de deliberately difficult, so as to act like a filter, 


It is felt th in it in detail, so as t 
at to explain it in detali, 
level of the course. Physics courses are thus ma 


Just like the examination. 
Issue 5: Should the concept of ‘ev 
i assume? 


el’ of a course be revised? How many levels should one 


is another feature of degree-dominated education. Very often 
ve t are not really necessary, but only customary. In this way it 
someone to acquire certain knowledge or abilities. 
ce that in physics much learning is done backwards, 
d after other more advanced subjects have been learnt. 


The myth of prerequisit 
educators require prerequisites tha ‘ 
€comes more lengthy and difficult for 


Le. a certain subject is only well understoo 
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A related point, raised in Learning to be, is the predominance of the written word as a means 
of communication [11]. Physics is only taught to literate people, literacy is considered a 
prerequisite. It may be that it is dispensable, although some graphic representation is certainly 


Ties are much richer and much more complex 
than can be reproduced ina (necessarily linear) written narration. 


Issue 6: Should physics teaching material demand fewer prerequisites? 


Issue 7: Should methods of physics teaching 


be developed which rely less on the written word 
and more on oral communication? 


16.4.1 Working Group Comments 


Sections 16.2, 16.3 and 16.4 maintain strongly that examinations and other'selection procedures 
tend to perpetuate existing society and the formation of an elite. The working group at the 
Edinburgh conference made the following comments, 


(c) It was felt that examinations should be | 


ocally based. It is not des; educators i” 
one country should examine by correspondenc desirable that 


e students in another. 


(e) Continued education throughout life may reduce the un 


: ion bY 
aA A d lection 
giving people later opportunities for participati “sirable effects of se 


on in organized education. 


16.5 DEMOCRACY 


Learning to be stresses that educatio 
sense [12]. However some critics feel that the 


contrast to ‘education for liberation’ which ‘utopi ; jo 
> Opi B oi ] ac 
for freedom and therefore an act of knowin, Pe prophetic and hopeful’, is ‘cultura 


g and not o 
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of education ‘a dead thing’. Thus in many underdeveloped countries all school materials are 
chosen to fit the values of a minority of the population (which has a high standard of living) 
and are inappropriate for the majority. For example, in the Brazilian northeast, a physics teacher 
had great difficulty in convincing his pupils that man had already reached the Moon. Would they 
be able to grasp abstract ideas such as gravitational fields, conservation laws and the like? Even 
if they did, what relevance would it have for their lives? 


In ‘education for liberation’, on the other hand, the teacher must also be learner and the 
learner must also be teacher, and the knowledge which they attain together is not given a priori 
from some stratified store of knowledge, but is discovered together in a quest motivated by real 
problems faced by the community. This education is seen as a way for the teacher-learner pair to 
act to change reality, while education for domestication seeks to adapt the learner to the status 
quo. 


The ideas of Paulo Freire developed from his experience with literacy campaigns in Latin 
America. Here the traditional method had been to teach reading and writing to poor adults, 
usually by rote learning. The conceptual framework of the teaching was that of the ruling classes, 
to which the teachers (or at least the campaign organizers) belonged. It is easier to understand his 
ideas in this context than in respect of physics teaching, where teachers and learners mostly 
belong to the same social class. However, the ideas seem to apply also in the general educational 


context. 
orld is of a type where the teacher selects a topic, usually 
he students do not know, and talks about it or has the 
Students work on it. Only at the highest level, in post-graduate studies [9] does education 
Sometimes become a partnership. An eminent nuclear physicist once said that if a student for the 
Ph.D. degree “is at all worth his salt, you learn as much or more from him as he does from you”. 
This is true education with equality and in this sense democratic [15]. 

-At the lower levels, secondary and university undergraduate, it is much more gree 
Physics in this way. How many teachers have the courage and the aS ing rea 
Problems, whose solution they themselves may not know, with their r a o ri He y 
Necessary to wade through many years of transmission of dead (or almost dead) knowledge 
before tackling a real problem? 


Most teaching of physics in the w 
abstract, which he knows well and t 


i ics i lly taught rather late in life, after 
On i i be stressed is that physics is usua af 
age te hee wie fundamental brain capability is already fully developed. There seem 
to be no întelleckual limitations to what they can do. For younger children such limitations must 
be taken into account. The previous discussion is however fully valid for late secondary and 
university education. 

Issue 8; Is it possible, and is it desirable, to ba an ae ie 
the topics are chosen freely by teacher an 


ity? 
actual problems of the community: 


ysics at all levels as a partnership such that 
s? Can these topics be related to 


16.6 SCIENTIFIC METHOD AND THE MYSTIFICATION OF SCIENCE 


s i ing i ticular) is to show students what 

O ‘ ; and of physics teaching in par : 
i ep i theans atsedenetan TE aii attitude’ are. It is not easy to define these terms, but 
ae metho tie methods used by, and the attitudes of, scientists. Analysis of scientific 
mably they are phy and sociology of science which has been the cause of much 


activity i hiloso : : 3 
Goines ana vie iat decade [16]. The model of Popper, according to which scientists are 
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permanently trying to test their theories by doing new experiments and are ready to scrap a 
theory as soon as it disagrees with experiment, has been shown to be oversimplified. Kuhn and 
others have argued that most theories are confronted with apparently contradicting data all the 
time and yet are not abandoned as long as it seems possible that new data will support the 
theories. A major theory will only be abandoned by the scientific community after a scientific 
revolution. Most scientists during most of the time do what Kuhn calls ‘normal science’, i.e. they 
endeavour to adapt the existing theoretical framework (‘paradigm’ in Kuhn’s terminology) to 
account for more data. Only on certain occasions do revolutions occur in which the paradigm 1s 
replaced by a new one. The main examples of such revolutions in physics are the Copernican 
revolution in the sixteenth century and the rise of the theories of relativity and of quanta in our 
century. The experimental data on scientific revolutions are thus still rather scarce. It is possible 
that, under very different social structures, scientific activity would proceed in a different 
manner; the history recorded so far refers only to the social structures extant in Europe during the 
last 500 years. 


Science teaching overwhelmingly emphasizes normal science. The student is to learn what 1s 
believed within the accepted paradigm, and to learn to apply this paradigm in situations in which 
it has already been applied. Examinations always refer to problems which have already been 
solved. The aim of education, principally at the post-graduate level where scientists are trained, is 
to train the student in applying the extant paradigm, allowing only for minor extensions an 
generalizations here and there. Paradigms which have been accepted in the past and are now nO 
longer accepted are taught as being ‘wrong’ or not taught at all. 


It is interesting to quote from Kuhn’s book 
fact is deeply, and probably functionally, 
while scientific education is typically “na 
perhaps orthodox theology”. 


) [17] on this subject: “the depreciation of historical 
ingrained in the ideology of the scientific profession 
rrow and rigid . . . . more so than any other exceP 


; Scientists and science teachers often contribute toward the mystification of science. soen 
is shown as an extremely difficult activity, out of reach of the majority of mankind. Scient!s 


are heroes to be worshipped. Scientific predictions are beyond dispute, except if other scientists 
dispute them with very sophisticated arguments. 


n the 
cultural setting in which they were 
Probably this is a health ; iti ttitude 
: y tendency and sh ; tical attit” 
concerning the rôle of sciene. j y Should be accompanied by a very cri ; 


3 sl rt tio: 
š 4 $ n society, avoiding an attempt at glorification. The demystifica 
of science is an Important aim of science education [18]. j 7 


What other consequences for science education do ideas like those of Kuhn imply for 8@ xe 
education? Are we Satisfied to teach only normal science, to indoctrinate students with Pu” re 
solving methods applicable only for the small steps in science and totally inadequate in the er 
creative, revolutionary phases? [f not, how should we teach in order to deal with the ma) 


e 
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steps? This is probably an important point to try to answer in the future. Is the rigid narrow 
education described by Kuhn necessary to make good scientists? 


Issue 9: Does science education as it exists today contribute to the mystification of science? 
If so, how could this be avoided? Should we continue to indoctrinate students with 
normal science or should science education become more open, less dogmatic? What 


might the consequence of such a change be? 


16.6.1 Working Group Comments 

The above two sections argue that if education is to strengthen democracy and encourage the 
liberation of the oppressed, then it should be a partnership between the teacher and the student 
in which they are together learning and teaching. They call attention to the fact that science is 
often (mainly) taught as dogma and science education consists only in training students to know 
and apply the accepted norm. The working group at the Edinburgh conference made the following 


comments. 


(a) They recognised difficulties in t 
learning. It may be necessary to intro 
in circumstances where relationships in family and so 
disciplines, are at variance with these methods. It was sugg 
Student and supervisor might illuminate that of pupil-teacher. 

(b) The degree of freedom of choice was considered both in respect of the content of courses 
and in the approach used. It was suggested that the inexperience of the student limited the 
freedom of choice that he might be given but that one should work to maximize freedom for 
teacher and student working together. None’ the less, both have a responsibility to society with 
regard to education and, equally, society has a right to some share in educational decisions. (An 
example was given of a case where the free. choice of the student at university level had been 
found unsatisfactory because of the different attainment needed for subsequent work.) 

(c) The group recognised a trend towards learner-centred pedagogy and ee eami 
methods were discussed. Small group work appeared to avoid both the moro pme ee os ler 
and the equivalent monologue of a programme, providing experience say interaction y bi aone 
Of the features of developing science as well as of liberal education. The opinion w p 


that small heterogeneous groups work best as students learn ae ge orr pul problems of 
assessment in the group situation do not yet seem to have been tackle id q y: 

(d) It was suggested that human beings are perhaps a Bice og and it was important 
to use this quality positively and to minimize its dangers and dis ges. 

(e) There was general support for a problem-solving a ide gee to the real nature 
Of science and more capable of adaption to the realities of the $ 


n many coun he: k soci wW is is liable to reduce 
i social status and adequate re ards. This is 

th effect a ee baa ks a whole and of those in dividuals who become overworked, 

he venes: 


i ional competence and expertise and 
a s ers must strive for professiona l 3 
PEAR bitter as a ie ie appropriate bodies; society must recognise the importance of 
e given ever 


e teacher’s role in the educational process. X 
The woikine grota the conference agreed on the following recommendations: 

(l learning partnership of teacher and student should be encouraged at all 
) The trend towards le if change must come gradually. Even where the social context 


levels i tries even i 
lithe His helena} it should be encouraged in the effort to reduce dogmatic attitudes, 


he desirable move towards a teacher-student partnership in 
duce more liberal methods of physics education gradually, 
ciety, or dogmatic teaching in other 
ested that the relationship of research 
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(2) Development that supports this approach should be encouraged. A wide variety of 
educational activities should be available to teacher and student in order to provide the most 
effective learning situation at any particular moments. 


(3) Educational developments should work toward maximizing the freedom of teacher and 
student within a context of social responsibility. 


(4) Educational methods should give scope to the creativity, 
of the individual, while at the same time developing his aw: 
ability to live and work as a member of a group. These ai 
desire to preserve the content of the syllabus. 


critical judgement and independence 
areness of his role in society and his 
ms should take precedence over any 


16.7 DEVELOPMENT 


It is usual today to classify nations as developed, developing or overdeveloped, as if they were 
photographic film. We will for the moment adopt the classification. Developed countries usually 
have a high standard of living, are industrialized and have a large and sophisticated scientific and 
educational establishment. It is believed that both science and education are important ingredients 


of any policy designed to bring a developing country to development. This belief is naive from 
several points of view and should be carefully examined. 


We noted above (16.2) that education is conservative 
all regimes tend to use the educational system of the cou 
If development of a society implies, as it often does, soci 
favour, then the educational system may be used to hi 
may be done in a subtle way, for example, by supporting education strongly but only in certain 
fields of study considered ‘safe’ (physics is usually considered safe). In other words, education 
may be used to define what kind of development occurs, and this may be a very partial kind, 
favouring only a limited social group. 


by its very nature. All governments and 
ntry to guarantee their survival in power. 
al changes which the Tuling elite does not 
nder, rather than help, development. This 


The rôle of science, on the other hand, has also 
institutes, both for equipment and for training of personnel, ha 
an essential step in development policy. Recent research on this point 


solving of scientific 
ded to work on pro 
erest to their own country. 


l Science is foreign to the culture of most developing countries. The 
in these countries. Science is an i i 
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r i it may be your 
of Goethe’s sayings: “What you inherited from your forefathers, conquer it that i y bey 


ay become 
own”. The ideas which you import from other cultures, conquer them that they may 
yours. 


P M s dof 
i facing a crisis. The high standar : 
loped countries themselves are The | ee 
i = T po r de ye and the greater leisure have not eae A cee be 
soci eae erhaps made them more acute. It does not wg roe eae eee ipe 
etai eiei sie the same society that is proving inadequate in 
Should try to profit from their experience. 


i t? The word usually 
i >, What kind of developmen 
is ‘ ation for development’. Whi toga phere 
testes banda -nam sieaa a higher per capita income and pce eed Tarer cin 
b th kind of development one wants, although undoubtedly the s an le ae pal aa 
Pharma ee One would think that a soe ni bi ee te oe 
a o — . Ex] } 
asi an development on the autom i EN 
mee - “in sie countries the development oe 
: i i n ? 
in an increased number of ears than in an increased average protei 


I 10: How can physics education be organized in developing countries s 
f effec say 
Sfectively to the progress of the country: 


16.8. POST-GRADUATE WORK 


igid, i inati tudents with 
i d rigid, indoctrinating st 
x < described above as narrow an ; M 
aan aes ph Tas been da Another point is that in = asset ee i 
graduate schools are usually totally ‘looking abroad 3 that is boca eats oie 
countries and the scientific fashions of the day, having little con 
own countries (see section 16.7). 


ain the degree and the 
Post-graduate studies usually include some research. In ape leon mak sahe Cee owil 
Corresponding privileges the student must present a thesis; e eal Prat wl 
work for a few years and which will satisfy the examiners npr K i hela mera 
standards’. His aim is to obtain the degree. The relevance of ae op A atic tt 
the case of pure research) or to social needs (for applied work), 
System thus spawns much irrelevant research. 


i i é important thing is to 
i i i i tant in this case, that the imp 
It work itself is not so impor l e e od 
diane frat tue eae has learned in doing eae eee ini Hak er 
his li s to the education of re I oe 
gta pin st a effect, if it is necessary to train ae b 
relevant research to be done. It makes no sense to study irrelevant s 3 


i i irr t to the 
ost-graduate studies today irrelevan 
; arch produced in posi 
jii dira 3 rke to he needs of society and does it tend to produce alienated 
i en y ler, pes it ten 
ph ee Poe the choice of research topics be more careful: 


16.8.1 Working Group Comments | 
The working group at the Edinburgh conference commented as follows: 


(a) The im osition of a scientific education developed in another cou 
a cultural “ie This would occur if the content of the course, its t 
and social implications were irrelevant or antagonistic to the country to 


ntry may well constitute 
echnological applications 
which it was brought, 


221 


Physics Teaching 3 


(©) At university level, the criteria which governs the choice of research topics should be the 
“same as those in other fields of education, there should be the greatest possible freedom for the 
student and the teacher, although it must be understood that freedom implies responsible choice 
in the light of the wellbeing of the whole society. Some people expressed concern about the 
pressure on research students to indulge in excessive publications in the hope of promotion. 
(c) It was recommended that 
culture in which it is being tau 
relevant and educational meth 
which they are to be used. 


physics at all levels of education should be appropriate to the 
ght. Problems, examples and applications should be immediately” 
ods should be efficient and realistic in the particular context in 


(d) It was agreed that research students should 
development of physics and where 
in which the students are working. 


s be helped to choose topics which are both a real 
possible make an effective contribution to life in the country 
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Even at the post-graduate level, however, physics education is often authoritarian, as discussed in section 16.8 


A good short account of the controversy is given by B. Easlea — Liberation and the Aims of Science, Sussex 
Univ. Press, 1973. 


Kuhn, T.S. The Structure of Scientic Revolutions, Univ. of Chicago Press, 1971, p. 138 and 166. 
Learning to be. p. 65. B. Easlea. ref. 16. A Koestler — The Sleepwalkers, Hutchinson, London, 1959. 
Cooper, C. World Development 2 (1974) 55. 
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17 Science and society.— Scientific and 


technological aspects of current problems 
of society 


In this chapter, originally written by J.M. Fowler, two a. 
activities are examined: the ‘Science and Society’ course 
tion. The course seems to be largely an American phenomenon brought into existence 
as much by the drop in enrolment in physics classes as by conscious curricular design. 
References are provided for descriptions of over 50 ‘Science and Society’ courses and an 
approximately equal number of ‘Physics and Environment’ courses. Appendices provide 
sample reading lists and texts for both types of course. 


Spects of ‘science and society’ 
and the Science-society organiza- 


17.1 INTRODUCTION 


The interaction of science and technology with society is as old as history. From their indistinguish- 
able beginnings science and technology have contributed both problems and solutions to the 
nurturing society. Aristotle and Galileo threatened as well as taught their contemporaries. Watt 
advanced thermodynamics and ushered in the industrial age with its 


n l potential and peril. Fermi 
opened up the nucleus to our understanding and took us into the even more disturbing ‘Atomic 
Age’. 


The process continues. The examples from our time 


4 s are numerous and familiar, They need no 
listing; they can be read from any newspaper. 


In the ‘Atomic Age’, involvement has been almost the norm. Lord Russell, Linus Pauling, 
Max Born, René Dubos, George Wald, Niels Bohr, Edward Teller and Hans Bethe are examples of 
Outstanding scientists who are easily identified with both scientific contribution and social 
concern. However in the 1940’s, 1950’s and 1960’s, the interaction of science and society was 
less a meeting of equals than a missionary-like activity. The conscience-driven or dedicated 
scientist (or the publicity-seeking one) went out of his laboratory and into a public forum to 
meet Society and discuss its problems. This was an additional activity, and not art of his 
professional role or responsibility, for scientists did not in those days consider that discussing 
the Scientific components of societ 


classes, for graduate 
seminars, for professional society meetings or for journals. , 


Science and society 


o and other natural resources, population growth and so on are now included in courses 
Tik ppear on the agenda of professional meetings as well as in research papers from physicists. 
le science-society interaction is no longer missionary-like; the congregation is gathered and th 
priests are busy. ‘Science and Society’ has been academized. : 


17.2 SCIENCE AND SOCIETY IN ACADEMIA 


PE tn appearance of courses and curricula labelled ‘Science and Society’ is relatively new. 

a Programmes which appeared first were under the aegis of departments of political science 

SA ols of technology rather than in the natural sciences. Recent surveys have revealed that 
rest has been increasing substantially. 


Paws spring of 1972 the staff of the Subcommittee on Science, Research and Development of 
noel ommittee on Science and Astronautics in the U.S. House of Representatives undertook a 
ey of education and research activities in the area of science policy. Their definition of 


Sclence policy was: 


Science policy work is defined in its broadest sense to include factual, descriptive and 
analytical teaching and research on the relationship between science, technology and 
Society. For the purpose of this questionnaire it includes one or more of the following 
Subjects: science and government; technology and society; science and the humanities; 
technology at the Federal, State and local level and in industry; technology forecasting 
and assessment.” : 


oo ae identified 150 American universities and other educational and research institutions 
Seem, ad some science policy activity. About a third of the universities reported a formal 
ile A survey of that study (and some additional programmes) was reported by Ezra 
Teac, it of Cornell University at the Joint Symposium of the American Association of Physics 
iis nes (AAPT) and the American Physical Society (APS) Forum on Physics and Society. The 
ormal academic programmes which Heitowit identified fell into the categories of Table 1. 


TABLE 1 

Public affairs, public policy 46 
Science, technology and society (general) 30 
Environmental studies 16 
Ethical and human value implications 11 
Future studies 4 
Interdisciplinary studies 3 
Technology assessment 2 

4 


Other 


An international survey of research and teaching activities in the area of sci 

. f i 
oer out by Unesco in 1970. The findings were reported in ‘Science Poler B md 
fhe Ing Units’ (Report No. 28 of the Unesco series “Science Policy Studies and Documents 
n Survey contains annotations on 344 such units in 26 European and North A le 
Ountries, The fields of interest fell into the categories shown in Table 2 alas 
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TABLE 2 


Fields of interest 


1. Philosophy (including methodology and logic) of science, theory of science 
Ethics of science 
3. Sociology of science 
4. Classification of scientific fields and disciplines 
5. Creativity and psychology of researchers 
6. History of organization of science and of scientific communities 
7. Organization, administration and management of research and development (including science and 
technology information and communication) 
8. Economics, productivity, efficacity, financing, etc. of research and development 
9. Statistics of science and technology 
0. Planning of research and development, planning of human resources in science ani 
Policy for science and technology (including relations with education, econom 
industry, health agricu Iture, environment, etc.) 
11. Technological forecasting, futurology 
12. International science policies, international cooperation in science and technology, comparative study 
of national science policies 
13. Legislation in science and technology 
14. Transfer of technology 
15. Assessment of technology 
16. Science and society/popularization of science 


d technology, public 
y, foreign affairs, 


17.3 PHYSICS COURSES 


As far as this chapter is concerned the physics courses offered under the Science and Society 
rubric are more pertinent. Heitowit provided the following breakdown of the 1287 listed in the 
previously mentioned survey. 


TABLE 3 


Percentage Breakdown by Academic Department 


Engineering 14 Political Science 8 
Planning 5 Sociology/anthropology 5 
Agriculture 4 History and history of science 4 
Environmental studies 4 Life sciences 4 
Physical sciences 3 Physics/astronomy 2 
Chemistry 1 Business and public administration 3 
Public affairs 3 Economics 2 
cae ant /computer A Philosophy l 2 
(aw i Architecture and design 1 
Nawan , earmon (less than 1 per m 
Special programmes 13 Unspecified 7 
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It is apparent that, at least statistically, physics is not particularly important to ‘Science and 
Society’. It accounts for only 2 per cent of the courses at the end of the 1960’s and the first 
year or two of the 1970’s. The impression that physicists are not involved in such activities is 
however changed if we look at more recent developments. 


There has been a modest wave of course development in this area. Some idea of the present 
size of this wave can be gained from the study of innovations in physics teaching which Robert 
Tinker undertook for the AAPT in 1973. Volume 2 of this three volume series entitled “Courses 
for non-scientists’ contains a section entitled ‘Physics and Society’. Descriptions of 49 courses 
appear under this heading and an additional 117 courses are reported without detailed 
description. 


A popular theme for physics courses has been the environment. Under the section titled 
‘Physics of the Environment’ in Vol. 2 of the AAPT survey 56 courses are described and another 
148 indicated without description. The most popular theme of these courses is the energy crisis, 
followed by courses on pollution and on nuclear energy. 


There are equally impressive stirrings of activity elsewhere as revealed in the working group 
concerned at the Edinburgh conference as described below. 


Several universities in Sweden have developed energy courses. The one at the University of 
Umeo consists of a treatment of the physical aspects of energy followed by an equal concentration 
on its technological, socio-economic and political aspects. 


‘Science and Society’ topics are also incorporated into a school curriculum project TRUAS- 
Physics, (Television and Radio Education at Schools) developed in the late 1960 s. This physics 
Course for students at the Swedish secondary level (17—19 age group) consists of 40 television 


` Programmes and many of these dealt with topics which showed the interaction of physics with 
Society, 


The new Swedish ‘Institute of Physics and Measurement’ is planning an interdisciplinary 
research programme which is project-orientated and may have a ‘science and society focus. The 


undergraduate offerings will have a corresponding emphasis and will be appropriately problem 
orientated., 


, A cooperative programme between several British universities in the United Kingdom aims 
to introduce into degree courses in science an emphasis on the social aspects: the sociological, 
economic, technological and ecological effects of science in our environment and also, conversely, 
the effects and influences which society expects in science.’ 


Materials produced by SISCON (Science in a social context) will be used, it is hoped, by 
university lecturers and by those who train physical science teachers. 


In addition to the SISCON project, many universities and schools in the U.K. have ‘general 
studies’ programmes which include ‘Science and Society’ topics. The Department of Liberal 
Studies in Science at the University of Manchester and the Science Policy Research Unit at the 
University of Sussex have been in existence since 1966. Surrey University offers a degree 
Programme in ‘Combined Studies in Science’ which includes courses in physical science, science 
Studies and science education. At Malvern College, a ‘Science and Society’ course of broad scope 
has been designed for students who have already taken the Nuffield O-level physics course. 


In-the Netherlands. there are several levels of activity. Most universities have non-compulsory 
lecture presentations on science and society topics. Lectures may be on specific topics or may 
Survey the range of environmental problems. Many universities are now considering requiring 
Physics students to spend 5—10 per cent of their time on the study of the interaction between 
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physics and society. The University of Groningen has a PhD programme in which the research 
project may be applied to some current science-related social problem. There is much other 
similar activity in the Netherlands: the involvement of scientists in the nuclear 


energy controversy, 
and the production of a short course on ‘Energy and the Environment’ 


are some examples. 
Norway has a comprehensive plan for its schools, devised by the Ministry of Education and 

confirmed by the Parliament, in which in addition to traditional subjects such as mathematics 

and science there are other themes which must be taught, including reference to the environment. 


This is, of course, only a partial list of activities of an acade 
important examples of direct interaction between scientists and 
concern. These will be discussed later. First, it is necessary to ask t 


mic nature. There are equally 
the public on matters of joint 
wo basic questions. 


17.4 WHY? 


The reason why physicists should concern themselves with 
summed up by the working group at the Edinburgh conference 
made aware of the social impacts of their science, (2) Soci 
scientific components of social problems. 


‘Science and Society’ topics was 
as follows: (1) Scientists must be 
ety must be made aware of the 


The first of these is concerned with the making of the ‘Complete physicist’. 
of the links between his science and the society in which hi 
rest of his life are in harmony. 


: € He must be aware 
e lives, in order that his science and the 


The second places a new responsibility on the scientist. To the two traditional responsibilities 
(i) the discovery of new knowledge (research) and (ii) the tra 


( 20 \ : h) ai nsmission of knowledge (teaching), 
is added (iii) the interpretation and dissemination of knowledge to the Society which supports 
him. 


It should be clear that these three responsibilities will not receive equal attenti 
ee ; : 5 on by most 
individual students; the balance between them will be as difficult to a te 


chieve as is the balance 
between the traditional two. The balance must, however, exist in the profession, 


The responsibility to attend to the interaction of physics with Society is most important in 
school Science. It is only in the schools that physicists deal with all future licens Since a 
majority of the crucial decisions facing our societies in the future will have scientific Oni onents 
it is important that citizens know and trust both science and scientists, p ; 


erns in physics classes 


ll meet the needs of school students and surveys show that such students are now giving 


The acceptance of this responsibility by school physics teachers may 
ienation from science. It is clear that many of the broad ‘Science and 
n the U.S. colleges are, at least in part, deliberat 


elsewhere in the world. i ; ; Seem to be a significant factor 


17.5 HOW? 


t the Edinb , 
ae bs de Soe the working group concerned divided at this Stage into three 
secondary education) TE and ‘what’ to do. One group considered schools (primary and 
of fie ener ibis niversities and colleges of education, and the third the education 
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17.5.1 Schools 


The human and social aspects of science (physics) should be woven into the fabric of all school 
-courses: science must be taught as a human activity which has relevance to the individual in his 
social, physical and biological environment. As guidelines for the design of courses, the group 
made these suggestions: (1) The aims and objectives of the course should be clearly presented for 
teacher and pupil and should explicitly recognise the social themes as well as the scientific ones. 
(2) The assessment of both student and course achievement should test for the social objectives 
as well as the scientific ones. (3) The content must, at appropriate places, reflect the historical- 
human development of important ideas. Along with concepts and principles, the course should 
develop their impact on society, on industry, technology, communication, transport, sport, etc. 
It should show the interaction and overlap of scientific developments with social issues. The 
teacher should have the freedom to explore controversial issues. 


In Stating this last suggestion, several of the participants warned that ‘explore’ was meant to 
imply a scientific examination of issues and not a doctrinaire exposition of the teacher’s own 
attitude. This guideline presents a challenge to the teacher. 


17.5.2 Tertiary education 


The major concern of this group was the education of physics students. In an earlier section 
reference has been made to responsibilities of physicists, including their responsibility to be aware 
of the interaction of physics with society and to help interpret this science to society. If this is to 
be a recognised part of the making of a physicist, it must be a part of the educational experience 
of students of physics. Several means of ensuring this experience were suggested. 


(1) An advanced course in which physics students (and students from other courses as well) 
used their knowledge of physics and mathematics and their problem solving techniques (including 
Modelling and computer work if available) to attack real social problems. This course would have 
the additional advantage of removing some of the unduly theoretical flavour of much under- 
graduate physics. ` 


(2) A seminar for physics specialists which considered, from the point of view of science, 
Current and, if possible, local social problems. Alternatively such a seminar might focus on such 
things as the Club of Rome reports ‘Limits to Growth’ and ‘Mankind at the Turning Point’ or 
Schumacher’s ‘Small is Beautiful’. 
(3)- An introductory-level course. This course could either survey a broad range of science/ 
Society topics or focus on a specific theme. Examples of such themes might be transportation or 
the management of natural resources. 

There is a second important way in which a physics teacher instructs his students in how to be 
a physicist and that is by example. For this reason it is important that physicists themselves are 


involved in science/society activities either through their research or through other visible 
activities, 


17.5.3 Education of (and by) the general public 


The important direct interaction between the physicist and the public has not been discussed in 
detail so far. The working group was presented with several national examples which are now 
Summarized. 


Australia. The Australian Academy of Science for seven years has carried on a ‘Science and 
Industry Forum’ in which leaders from these two areas spend two days in an intense consideration 
of a current problem (the proper use of the Australian uranium deposits is one example). The 
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results are published and also interpreted in a syndicated newspaper column. The Academy now 
plans to start a similar ‘Science and Society Forum’ bringing economists, politicians, environ- 
mentalists etc. together with scientists. 


The Singapore Science Centre. This new science centre offers a series of lectures on ‘Science 
and Society’ topics (the sociological aspects of science, for instance) to school populations and to 
the general public. They have also produced several articles for magazines such as the New 
Scientist, Nature, The Bulletin of the Atomic Scientists, etc. 


U.S.A. A feature of the interaction of science and the public in the U.S. over the past decades 
has been the interacting science organization. Two well known organizations of this type grew out 
of the psychological trauma of the atomic bomb project: the Society for Social Responsibility in 
Science (SSRS) and the Federation of American Scientists (FAS). The SSRS, which now has a 
modest international membership, speaks directly to the ethics of the scientist and has sponsored 
a number of activities to apply science and technology directly to social problems. The FAS 
directs its attention more towards the U.S. Congress and those who control policy-making 
through careful in-depth analysis of current scientific-political problems. 


In the 1960’s other organizations developed which were intended to increase the direct 
interaction between scientists and the public. One such organization in the United States, the 
Scientists’ Institute for Public Information (SIPI) was founded in 1963 as a loose federation of 
local ‘Science information groups’. SIPI publishes the magazine Environment and supports a 
variety of local groups of scientists and citizens who deal with local issues; for example, air 
pollution in St. Louis, reactor siting and pesticides in California, etc. SIPI maintains a speakers 
bureau and creates ad hoc task forces to deal with specific issues. 


There is another organization now visible at professional society meetings, Scientists and 
Engineers for Social and Political Action/Science for the People (SESPA/SFTP). This loosely 
structured group was formed in 1969 and is a latter day SSRS although much more action 
orientated and political. Its target seems to be the scientific-technical community itself and its 
publications analyse and criticise, for instance, the close ties between the scientific-technical 
‘establishment’ and the corporate and governmental ones. 


These organizations and the others like them offer scientists a chance to work directly in the 
public forum in policy over problems and policy matters. There.are similar groups in other countries 
and some of the more prominent active groups are listed in Appendix II at the end of the chapter. 


The working-group on science and public interaction made several suggestions for guidelines. 
bese felt that it is important to recognise and be aware of the roles of different media and that 
the popularization of science should deal with science and society issues as well as with pure 


sci i i ight i i ; p 
ents topics. Useful mechanisms might include seminars for science writers, television producers, 
museum directors, lecture 


Tse agencies and so on. It is of course important in these exchanges that 
Meee Sa are seen to be willing to consider social issues from the rew oiii of 
visible to policy Aa it was pointed out that the science-society interaction could be made more 
non-partisan advice 2 ike government positions by planning programmes which would provide 
tions could not (and Ae me lers for official bodies. It is recognised that political considera- 
geneviting game politeal ne z ould not) be excluded from these discussions and there is a risk of 
group felt that more ee Toversy in any attempt to illuminate such matters. Nevertheless the 
public inteeest ion of these topics would be regarded by most people as being in the 
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17.6 SCIENCE AND SOCIETY IN THE DEVELOPING COUNTRIES 


One of the distinct features of the working group was the scarcity of participants from developing 
countries: Bangladesh, Singapore and the Republic of Korea alone were represented. The opinion 
was put forward that a concern over the interaction of science and society was a luxury which 
could only be afforded by scientists from the developed nations. The few participants from 
developing countries insisted, however, that such an interpretation missed an important point. 
It may be true that science education develops in stages and that the emphasis of the first stage is 
necessarily on basic education in science. However scientists themselves in developing countries 
are more likely to be engaged in the social interactions of their science than are scientists in 
developed countries. They are working, for example, on flood control, on food preservation or 
on the development of new energy sources. While their students may not receive deliberate 
instruction in ‘Science and Society’ topics they receive something which may be more important, 
namely a living example. The scientist himself quite often provides a model of the complete 
physicist. Far from a luxury, the science-society interaction in a developing country may be such 
a necessity as to be too obvious for formal attention to be called to it in the classroom. 


17.7 CONCLUSION AND RECOMMENDATIONS 


There is one general recommendation, guideline or caution which the working group was anxious 
to see applied generally to all the endeavours to bring science and society together. There is a 
need to realise that science is not always able to give the right answer. The complete formulation 
would be that science is not always able to give the right answer, but just as often the right 
answer cannot be obtained without science. 


It is important to emphasise the limitations of science as well as its strengths. As Weisskopf 
Said in his address to the conference, while science can be described as a complete structure it is 
not all-embracing. There are vast areas of human experience which fall outside its scope. However 
many of the problems which society faces fall across the boundary which separates the two areas. 
Solutions to such problems therefore require an input from science but that input does not 
determine the answer. Many of these problems are best subjected to a cost/benefit analysis; 
science can. delineate some of the costs (can describe radioactive wastes or give probabilities for 
reactor accidents, for instance) and describe some of the benefits (efficiency of energy conversion, 
extension of resources). However, it cannot define the rate of exchange at which benefits are 
bought and costs assessed. It is most important that the scientist, whether he is interacting with 
school or college students or with the general public, draw attention to the boundary of science 
and divest himself of science’s authority when he crosses that boundary. 


The working group agreed on certain further recommendations: 
(i) Teaching journals in all countries should encourage the preparation of articles on ‘Science 
and Society’ topics. 
(ii) All professional organizations in physics should give space and time to presentations in 
this area. 


(iii) In those educational systems in which students are asked to comment (by questionnaire, 
for instance) on the performance of teachers, the question ‘Did the lecturer discuss the 
social relevance of his physics?’ should be asked. 


(iv) Communication between scientists who are involved in ‘Science and Society’ activities 
should be stimulated. 
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In the furtherance of this last recommendation, the working group would like to encourage 
Unesco to undertake an international survey and annotated collection of ‘Science and Society’ 


courses. Unesco is also encouraged to devote some conference time specifically to this area of 
interest. 


17.8 SUMMARY 


Science and technology have designed and fuelled the vehicle that is carrying society swiftly 
toward the end of the twentieth century. The roadway which lies ahead is an increasingly rough 
and uncertain one. Scientists and engineers in the past have concerned themselves largely with 
engine performance and acceleration. In the last decade they have become more and more 
concerned with control, with steering and even with braking. 


In the United States and to some extent internationally, these concerns are becoming 
professionalized. Programmes and institutes for the study of science and technology issues have 
been formed; undergraduate and graduate courses are being taught and res 


t ENRI ; $ earch is being under- 
taken. Much of this activity is appropriate to physicists. 


The appeal of this kind of professional activity is easy to understand. In it conscience and 
science can be legitimately joined. The formal academic programme or the science-society 
organization are thus natural extensions of the purer professional activities. 


The inclusion of ‘Science and Society’ topics in an academic course is 
and more difficult to assess and codify. We hope this working group has helped in the necessary 
development. Such activities must continue. There is a generation which must be prepared for the 
end of the ‘exponential century and in this preparation the physicist can strengthen his own 
bonds with his society and its future. 


a more recent activity 


17.9 APPENDIX I 


Science and Society Journals 


The Advancement of Science, British Association for the Advancement of Science, Lond . 
Academic Press, Inc., 111 Sth Ave., New York, New York 10003.) i on. (In U.S.A.: 


2. Atomic Scientists Journal, Taylor and Francis, Ltd., Red Lion Court, London, EC4 England 
3. Daedalus, Journal of the American Academy of Arts and Science, 280 Newton S 
5, > treet 
Massachusetts 02148. i Boas, 
4. Energy 


Conversion, An International Journal, Pergamon Press Ltd., Headington Hill Hall, Oxford, England 


Energy Policy, A new international journal on the economics and plannin, 
$ c g of energy. ICP Sci - 
nology Press, Ltd., ICP House, 32 High Street, Guildford, Surrey, England. nts A ire wea 
Inc., 205 E. 42nd Street, New York 10017.) Si ae 


6. Environment, Scientists’ Institute for Public Information P.O. Box 755, Bri 
f H 5 » P.O. , Bridgeton, Mi í 
information write to 438 Skinker Blvd., St. Louis, Missouri 63130.) Souri OB O44: (HOE 


Impact of Science on Society, Unesco F-75700 Paris, France, 
8. The International Jo 


urnal Enyi i r TETS ; wS 
Street, London i asa Gordon & Breach Science Publishers, 42 William IV 
9. Journal of Environmental Sciences, Institute of Environmental Scientists, Mt. Prospect, Illinois 
10. New > $ 


Scientist, New Science Publications, 128 Long Acre, London WC5, England. 


Science and Culture, Indian Science News Association, 92 Acharya Prafullachandra Road, Calcutta 9, India. 


Science and society 


12. Science and Public Affairs, (formerly Bulletin of Atomic Scientists) 1020-24 East 58th Street, Chicago, 
Illinois 60637. 


13. Search, Journal of the Australian and New Zealand Association for the advancement of Science, Science 
House, 137 Gloucester Street, Sydney 2000, Australia. 

14. Technology Review, MIT, Alumni Association, Room E19-430, Cambridge, Massachusetts 02139. 

15. Technology and Society, Unesco, Place de Fontenoy, F-75700 Paris, France. 


16. Technology and Society, Bath University Press, Northgate House, Upper Borough Walls, Bath, England. 


17.10 APPENDIX II 


National and International Organisations 

hk Federation of American Scientists (FAS). Jeremy Stone, Director, 307 Massachusetts Avenue, N.E. Washing- 
ton D.C. 20002, U.S.A. 

2. International Commission for Science Policy Studies. Derek de Solla Prince, President. Department of History 
of Science & Medicine, Yale University, 2036 Yale Station, New Haven, Connecticut 06520, U.S.A. 

3: International Co-ordinating Committee for the Presentation of Science and the Development of Out-of-School 
Scientific Activities (ICC). F.L. Wattier, Secretary General. Rue de Veeweyde 125 (Bte 7), B-1070 
Bruxelles, Belgium. 

4. International Council for Scientific Unions (ICSU). F.W.G. Baker, Executive Secretary. 51 Bvd. de 
Montmorency, F 75007 Paris, France. 

5. ` Pugwash Conferences on Science and World Affairs. Prof. J. Rotblat. Secretary General. 8 Asmara Road, 
London NW2. 

6. Scientists and Engineers for Social and Political Action/Science for the People. 9 Walden Street, Jamaica 
Plains, Massachusetts 02130, U.S.A. 

7. Scientists’ Institute for Public Information (SIPI). Alan McGowan, President. 30 East 68th Street, New 
York, New York 10021, U.S.A. 

8. Society for Social Responsibility in Science (SSRS). 221 Rockhill Road, Bala Cynwyd, Pennsylvania 19004, 
U.S.A. 

The British Society of Social Responsibility in Science, 9 Poland Street, London W1V 3DG. 
10. i y f NGO’s (Non-governmental organisations) concerned with the 
Clee oe tthe wg es eet ek nit eae ea 
Til, International Union for Conservation of Nature and Natural Resources (IUCN). Dr Gerardo Budowski, 
Director General, Ch-1110 Morges, Switzerland. 
12. International Youth Federation for Environmental Studies and Conservation (IYF). Gerhard Walter, Secre- 
tary General. Radergunderstrasse 6, A-8045 Graz, Austria. 
13. Sierra Club, Office of International Environment Affairs. Patricia Rambach, Int. Officer. 777 United 
Nations Plaza, New York, New York 10017, U.S.A. 
14. United Nations Environment Programme (UNEP). Maurice F. Strong, Director. Nairobi, Kenya. 
15., World Office of Information on Environmental Problems. Dr Richard Abbor, General Delegate Chairman. 
115 rue de la Pompe, 75116 Paris, France. 
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18 Out-of-school science activities 


This chapter is based on a very much longer report submitted by Francis L. Wattier, the Secre- 
tary-General of the International Coordinating Committee (I.C.C.) for the Presentation of 
Science and the Development of Out-of-School Scientific Activities. Such activities represent a 
new pedagogical approach in the educational process and consequently, with a few notable 
exceptions, have only a short history (10 or 15 years at most). It is therefore somewhat prema- 


ture to comment on the physics component of these activities. There will certainly be more to 
say in future years. 


18.1 CHARACTERISTICS OF OUT-OF-SCHOOL SCIENCE ACTIVITIES 


There are various types of out-of-school scientific activities and these are discussed below. Most 
of them are concerned with creative ability to enable individual aptitudes to develop. There is 
direct participation by young people at every stage of this educational device: choice of the field 
of interest, determination of the methods of observation and analysis, the planning of laboratory 
studies, the preparation of individual'reports and also active contribution to ‘group’ activities. 


Programmes are usually conceived on an inter-disciplinary basis so that topics can be considered 
in a wide context and early specialisation avoided. The activities strive not only to improve 
scientific and technical knowledge, but also to show relevance to socio-economic development. 
They provide for young people still at school, as well as for those who have already left and are 
now young farmers, apprentices, workers and so on. 


18.2 SCIENCE CAMPS 


Science camps — sometimes in tents, sometimes on permanent sites — are mainly organized to 
teach the application of science to nature, to acquaint participants with the general ecology of the 
particular region and the place of their speciality within it, whether that Speciality be botany, 
zoology, physical geography, anthropology (sociology), geology, meteorology, chemistry or 
physics applied to nature conservation. These camps help to foster contacts between young 
scientists and reveal the interdependence of the specialities through interdisciplinary tasks. 


Their Success depends on various factors, in particular the number and quality of the staff, 
the quality and the amount of scientific equipment, the care taken over the working programme, 
the choice of site. Of course it is necessary to adapt the programmes and the methods used 
according to the participants, whether they are students or apprentices, whether or not they have 
a rural background, whether they have scientific training or are non-specialists in science. 

Various activities in the field (trips, observation and collection of material) and in the 
laboratories of the camp (experimental work, group discussion, reporting on results) greatly 
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develop the sense of observation, the sense of initiative, the feeling of individual responsibility 
within the group. There is also the fun of common life, the richness of human contact, the 
effective practice of real dialogue, and the sense of unity among young people of different 
outlook. 


Some associations organize local, national or international camps to complement the traditional 
formal education in science, others are directly integrated into a larger programme to consider 
some specific problem, for example the social factors determining the conditions of life of certain 
populations or problems concerning humanity such as environmental pollution, population 
explosion or the shortage of food. : 


Usually, it is quite difficult to determine with precision the physics component in these 
activities since, more often than not, they are carried out within a multidisciplinary pattern. 
But the following all have a physics component. (a) The Association Nationale des. Clubs 
Aerospatiaux in France is coordinating a project to construct and test a rocket (statement of 
preliminary project, detailed study and mock-up construction, flight model construction, 
payload specification, actual-launching, analysis of results); (b) the ‘Science for Children’ 
Association in Calcutta has a hobby centre with facilities for the construction of simple scientific 
models and for project work in physics, chemistry, biology and astronomy; (c) the ‘Summer 
Science Camp’, organized annually by the Weizmann Institute of Science in Rehovot, Israel, has 
three specialized groups in physics: modern physics (theory), elementary particles (theory and 
experiment), lasers (theory and experiment); (d) the ‘School Science Field Work Centre of 
Thondaimannar in Sri Lanka organizes camps on improvization of apparatus for teaching science; 
(e) the ‘Al-Ahram Science Clubs’ in Egypt organize science camps which include working groups 
on electronics, meteorology and photography; (f) the Yugoslav movement “Nauku Mladima’ 
(Youth and Science) organizes numerous camps on astronomy, electronics, technical radio, 
astronautics; (g) the Jeunesses Scientifiques de Belgique have free entrance to the university 
aboratories to hold their annual training courses in theoretical and experimental physics, as well 


as for their computer training courses. 


18.3 SCIENTIFIC AND TECHNICAL CLUBS 


The science club is a voluntary group of young people, the purpose of which is to allow its 
members to enlarge their scientific and technological knowledge and experience through 
experimental work, discussions, debates, conferences and other activities, such as the publication 
of science bulletins, visits, scientific film shows, the making of scientific models and apparatus, 
the execution of projects. 

The structure and work of science clubs depend largely on local conditions: Sometimes they 
work in close relation with schools, sometimes they are completely independent. It is always 
important that the programmes of the clubs have a real science content and the leaders need to 
be well informed. 

Some clubs are very general in outlook covering all the scientific disciplines, others are 
specialized. The latter make organization easier but cater less for the wide interests of young 
people: Some clubs have a number of rooms for laboratories in physics, chemistry, biological 
sciences and electronics, some have rooms for exhibition and collection of materials, some a 
mechanical engineering workshop or even a small observation tower for astronautical work. All 
the clubs have as their objective the awakening and development of scientific interest, and one of 
their main aims should be to show that science is something which is done, not merely something 
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which is learnt. It is hoped that young people will appreciate that an experiment is designed and 
undertaken to find out something which is not known, it is not to confirm a result already known 
in advance! 


Clubs for children at the elementary level often aim to stimulate curiosity about the 
environment without any special reference to physics. At higher levels, a definite physics 
component is easier to recognise, as for example in the radio and aeromodel clubs in the USSR, 
the clubs for audio-visual techniques in India, the space clubs in Singapore, the rocketry 
associations in France, Chile, Poland, Spain, the USA, the Federal Republic of Germany and the 


Democratic Republic of Germany. Many clubs show a keen interest in social implications, for 
example a study of radioactivity in water. 


In the developing countries, clubs located in rural areas are also trying to develop a scientific 
attitude among villagers. An example is the School Science Field Work Centre in Sri Lanka, where 
the clubs try to build equipment with the material they can find directly in the village, e.g. a 
homemade refrigerator. Further examples of typical achievements include the following: 
(a) the clubs for cybernetics in Ukraine are working in close collaboration with the Cybernetics 
Institute of the Academy of Sciences of Ukraine; the members of these clubs have, for instance, 
designed and built computers such as ‘Kostyor’ and ‘Iskra’; (b) since 1966, the Estudiantes de 
Ciencias Luis Pasteur association in Venezuela has had an electronics programme; (c) the 
Jeunes-Science movement in Upper Volta has a particular group especially devoting itself to 
physics and during the scientific fortnight organized once a year since 1970, 45 per cent of the 
projects presented by the participants dealt with physics; (d) in the U.S.A., the JETS Association 
(Junior Engineering Technical Society) is leading a network of clubs for young people particularly 
interested in engineering sciences and techniques; (e) the laboratory-club Jeunes-Science in 
Tunisia has laboratories for chemistry, biological sciences, physics-electronics, a workshop 
for mechanics and two collecting rooms; (f) the ‘Jets of Zambia’ Association (Junior Engineers 
Technicians and Scientists) is concentrating on stimulating the interest of young people towards 
physics through activities and projects achieved within its clubs. The most developed and 
frequented science clubs are those dealing with radio, electronics, mechanics and aeronautics. This 


tendency is increasing and the proportion of young candidates choosing physics reads as follows: 
1972, 38 per cent; 1973, 47 per cent; 1974, 52 per cent. 


18.4 SCIENCE CONGRESSES, MEETINGS, SEMINARS 


In Latin America, some associations have organized science congresses (congresos cientificos de 
jovenes) for the purpose of giving young people an opportunity to present scientific work before 
a qualified audience. The experts judge these works according to their originality and the methods 
used and can discuss them directly with the young investigators. 


Other countries have organized national or international meetings of young scientists 
seminars for young scientists, science forums and so on. These help to make young people aware 


of the tole they are bound to play not only to ensure their own personal future, but also to 
contribute to the well-being of mankind. Concern with community development programmes 
provide a medium for direct action. 


Examples of such meetings i ing: i ic i 

i gs include the following: (a) the international meeting held at 

a Grede) in August 1971, on the theme ‘Youth and water pollution’; (b) the a 

va lani Ta and Space’ held at Marly-le-Roi (France) in 1972, at Belgrade (F.S.R. of 
$ a and at Madrid (Spain) in 1975 ;(c)an Asian youth seminar held at Thondaimannar 


(Sri Lanka) in August 1974, together with an exhibition of science projects on the theme 
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‘Youth and environment: green revolution’; (d) each year the London International Youth 
Science Fortnight gathers more than 400 boys and girls, to help them acquire a better appreciation 
and understanding of the social implications of science for the well-being of mankind; (e) since 
1967, the Coordinatie commissie voor wetenschap buiten schoolyerband (coordinating commission 
for out-of-school science activities) in the Netherlands has regularly organized on a national basis 
scientific days and week-ends on themes such as energy, computers and pollution; (f) as an 
example of regional activity, there was the South American meeting on ‘Science and Youth’, 
held at Olavarria (Argentina) in September 1973 to stimulate out-of-school science activities. 


In order to meet the needs and aspirations expressed by youth, it is suggested that seminars at 
regional and international level might be held on such themes as Youth and electronics, Youth 
and oceanography, Youth and cybernetics, Youth and ecology, etc. 


18.5 COMPETITIONS AND SCIENCE FAIRS 


Another means of promoting out-of-school science activities are science fairs, which provide an 
Opportunity for young people to show project work. It stimulates interest and encourages self- 
confidence especially when young people have to explain their projects to others. 


In some countries there is a competitive aspect in that projects are judged by ajury of experts 
who assess the originality of the work, the scientific content, the creative thinking, the visual 
presentation and the results obtained. In Zambia, for example, the winners of the regional science 
fairs organized by JETS are invited to take part in a national congress during which they present 
their projects and reports. The best is chosen as the ‘young engineer of the year’. 


_ Young people often present projects related to the problems encountered by the community 
in which they live (for example, problems concerned with air or water pollution). In all countries, 
but more particularly in developing countries, projects are often concerned with social and 
€conomic development (for example, comparison of the growth of food plants in various soils). 
Science fairs can have a particularly important role in developing countries because the young 
People concerned participate directly in the dissemination of a scientific attitude in their 
community. 


A survey reveals that there is always a strong physics component at science fairs: over 60 per 
cent of the projects in the science fairs in Egypt organized by Al-Ahram Science Clubs, 28 per 
cent of the projects at the Swiss science fairs, 45 per cent of the projects at the Scientific 
Fortnight held annually at Ouagadougou, Upper Volta. At the fourth annual science fair in 
Ghana, five out of the 12 winning projects were in physics; in Canada 35 out of 134 projects 
concerned physics. Every year, national competitions are organized in various socialist countries 
in Eastern Europe (USSR, Rumania, Yugoslavia, Hungary, Czechoslovakia): on such occasions 
thousands of projects are presented in various fields relating to physics and technology. 


Science fairs have been organized by the Science Foundation of the Philippines, by the Unga 
Forskare Foundation in Sweden, by the Science Clubs of Thailand. by the Science Service of the 
USA, by the Jugend Forscht Foundation in the Federal Republic of Germany, by the Mexican 
Consejo Nacional de Ciencia y Tecnologia and the American Association for the Advancement 
of Science in Mexico, by the Association of Science Teachers in Ghana and by the British 


Association of Young Scientists (BAYS) in the United Kingdom. 
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18.6 POPULAR SCIENCE CENTRES AND MUSEUMS 


It is now generally accepted that scientific and technological museums might be more than 
collections of objects. They might become more and more closely integrated with educational 
needs, both of school children and the public at large. 


Consequently, it is particularly important to seek out every means of extending science 
museums to become ‘popular science centres’, where activities such as science clubs, exhibitions 


of scientific projects, competitions, courses, public lectures and the lending of materials m 
developed. 


ay be 

In India, the main science museums and the planetaria are situated in the big towns. In order 
to extend the benefit of the museums to rural populations, therefore, the Birla Industrial and 
Technological Museum (BITM) of Calcutta has developed the idea of mobile museums. These 
travel throughout the country carrying science fairs. Demonstrators are responsible for these 
‘buses’ and explain the exhibits in the local languages. By further improving the quality and 
quantity of these demonstrations, such ‘museobuses’ can be an important instrument for the 
progagation of science among young people and rural populations. The BITM has been financed 
by the Council of Scientific and Industrial Research under the Ministry of Education of the 
Indian Government. 


To create scientific awareness among the lay public, this muse 
devoted to such branches of science and technology as: nuclear physics, mining, copper, iron 
and steel, petroleum, electricity, television and electron 


lev ics, transformation of energy, com- 
munication and transport. These exhibits are mounted on the specially equipped buses which 
serve as exhibition halls. 


um has set up several exhibits 


A promotion centre for creative abilities has been set up at the Birla Industrial and Technological 
Museum to encourage students to develop their scientific aptitudes by 


S ; : a producing scientific 
devices and equipment. The museum also organizes yearly viva voce competitions and science 
fairs for students. 


Another action initiated and developed for rural areas is t 
Council of Educational Research and Training (NCERT) of sci 
various villages of India; the purpose is to popularize science 
applications to daily life. Unfortunately the multiplication 
because of shortage of both financial means and of qualified p 


he establishment by the National 
lence centres (Vijnan Mandirs) in 
by demonstrations and to show its 
of these science centres is limited 
eople to maintain them. 


18.7 SCIENTIFIC OLYMPIADS 


This form of science competition (physics, chemistry, mathematics, biolo 


: : „Pi S gy) is based mainly on 
the experience acquired by the socialist countries of Eastern Europe. 


The purpose of these competitions is to encourage students to increase their 
create conditions favourable to non-directed work and to stimulate scientific t 


countries, the winners of the national olympiads have access to university c 
entrance examination. 


knowledge, to 
alent. In some 
olleges without 


The participants are 
the participants, the 


ree : » national. The i 
competitions participated in candidates who succee 
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of an original problem) and practical (practical work in laboratories, on a proposed theme, the 
same for all). 

Winners of the olympiads are then given an opportunity to attend special courses in the 
discipline they have chosen. They also represent their country in the International Olympiad, 
organized every year in order to contribute to international exchanges in the field of science 
education. 


The first International Physics Olympiad was held in Warsaw in 1967 and since then the 
International Physics Olympiad has been held annually, usually in the capital city‘of one of the 
socialist countries in Eastern Europe. 

There are also other forms of competition, such as the physics contest organized each year for 
more than half a century by the Hungarian Eötvös Physics Society. In these contests, students 
from high school and college levels have to solve various physics problems. This contest provides 
an opportunity for detecting and encouraging talented students. 

Another type of annual olympiad has been organized since 1967, by the ‘Coordinating 
Commission for Out-of-school Scientific Activities in the Netherlands. After four years, the 
approach was modified: the organizers are now trying to arouse interest among young boys and 
girls (15 and 16 years old) not particularly talented in the physical sciences. The basic objective 
is now to show the social implications of the physical sciences. 


18.8 SCIENCE TALENT SEARCH SCHEMES 


technology, the search for scientific talent in young 
people is becoming a preoccupation among some educational and scientific authorities. Every 
Opportunity is given to talented young people to develop their aptitudes, to stimulate their sense 
of creativity and to encourage them to continue with further scientific studies. Various national 
associations have set up programmes for the award of scholarships to a certain number of selected 


students who have real scientific ability. 


At a time of rapid progress in science and 


18.9 PEDAGOGICAL SUPPORT 


Many organizations of young scientists publish special periodicals for their members. (In 1975, 
the Conseil de la Jeunesse Scientifique du Québec in Canada published a directory of books and 
periodicals accessible to young scientists, comprising 1831 volumes and 160 periodicals). Some 


associations publish special leaflets and handbooks which can help with project work. 


The ICC international journal ‘Out-of-school scientific and technical education’ [1] k published 
with the assistance of Unesco in four languages (English, French, Spanish and Arabic), includes 
pedagogical notes to help science clubs and others. Typical examples include How to design, 
construct and test a rocket’ and ‘How to establish and run an astronomical club’. 


Sorex aes from science kits. At the elementary level it is not necessary 
to ae tT ae is a form of play and a box of simple equipment can be a 
valuable aid in the classroom or club. Such kits have been produced by the Brazilian Foundation 
for the Advancement of Science Education (FUNBEC) in Sao Paulo (they cover over 100 different 
topics, for a wide age range of young people), by the Science Service in the USA, by the Birla 
Industrial and Technological Museum in Calcutta. The JETS Association in Zambia has a special 
programme ‘Production-Technology’: the ZAMKIT project has enabled much equipment to be 


239 


Physics Teaching 3 


produced. This list is certainly not exhaustive as many associations produce or use science kits. 


Finally mention must be made of the support that can be provided by films, audio-visual aids, 


radio and TV programmes. ICC is working with Unesco in producing a directory of material 
likely to be useful in out-of-school activities. 


18.10 CONCLUSION 


Out-of-school activities can help to produce more critical, analytical and logical attitudes towards 
science. These could help remove the ‘supernatural’ or magical elements still associated with 


science in some countries, while producing a more balanced view in other countries where students 
associate many of the evils of the modern world with science. 


There is an urgent need for equipment and other resources, a 
organize activities. It is important for universities, for museums and for industrial concerns to 
appreciate the role they can play in promoting activities. There is a need for school authorities 
to appreciate the advantage of using school equipment and school facilities for out-of-school 
activities, not only for the sake of those activities but also because involvement in such activities 
can do much to enhance the quality of in-school science teaching. 


s well as for good people to 


Recognising the high educative value of these activities, it is recommended that in future more 
attention be directed to the out-of-school component of Science education. The attention of 
governments should be drawn to the need for and the value of setting up national bodies for 
promoting and coordinating public understanding of science and technology. It has also been 
Suggested that IUPAP should be invited to consider more Systematically this out-of-school 
aspect of the educational process. 


More experience is needed, but the initial work done by the ICC encourages the belief that 
much can be achieved in the future. 
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19 Women in physics and physics education 


In some countries the number of girls studying physics and the number of women teaching and 
doing research in physics is surprisingly small. This chapter, based on a paper written by Alison 
Kelly, examines the reasons and suggests some ways of encouraging more girls to study physics. 


19.1 INTRODUCTION 


Since 1901, 101 Nobel Prizes in physics have been awarded. Only two of these have gone to 
women (Marie Curie in 1903 and Maria Geoppert Meyer in 1963). In England and Wales in 
1972, 116 825 children took physics O-level. Only 21 per cent of these children were girls. 
Why, at all stages from O-level to Nobel Prizes, are women so under-represented in physics? 
This chapter goes some way towards answering this question by examining the position of 
women in physics in different parts of the world, and by suggesting some steps which physicists 
might take to encourage more women to enter their discipline. 


Women’s position in physics is a reflection of their position in society as a whole. But over and 
above this there are special problems in physics, which centre on society’s expectations and 
attitudes towards girls in science. The most effective solution would be to alter these attitudes, 
but it is more relevant in this chapter to concentrate on remedies within physics itself, for two 
reasons, First, the effect of outside pressures on women physicists has been fully aired elsewhere 
and, second, because physics in the classroom reflects those outside pressures, we should as 


physicists be concerned with setting our own house in order. 


This chapter begins with a survey of international statistics, which identifies those regions of 
the world in which women physicists face special problems. The rest of the chapter concentrates 
On these areas and suggests some possible causes and remedies for the situation. It focuses on 
factors affecting younger children — those in the first few years of secondary school — since if a 
girl drops out of physics at this stage she is most unlikely to take it up again later on. 

More women should be involved in physics. This is not a demand for quotas, but for steps to 
encourage girls’ interest in, and enjoyment of, physics, so that they want to become involved in 
the subject. If physics is seen as an integral part of a general education, taught for the intellectual 

be made available in a way which appeals to 


Satisfaction and excitement it provides, it should | Lia Way’ 3 
both girls and boys. If it is taught to non-specialists because they will live in a technological 


Society (and future citizens need to be able to understand and control their environment) this 
applies to girls and boys alike. If the aim is to produce future research physicists, then the source 


of potential talerit must come from both girls and boys. 
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19.2 COMPARATIVE DATA ON WOMEN SCIENTISTS 


An examination of the representation of women in physics in different countries provides a 
starting-point for establishing where a problem exists and also its magnitude. Unfortunately, 
international statistics are rarely broken down both by sex and by detailed subject area, so 
comparative data is presented here for women scientists rather than for women physicists. Table | 
shows the mean percentage of students of natural science, engineering and medicine who are 
women, in six regions of the world. The figures for engineering and medicine are included for 
comparison since these are also science-based disciplines. Biology and, 


chemistry are more popular with women than physics, so these figures for n 
over-estimate the percentage of women 


in different regions of the world. 


to a lesser extent, 


n atural scientists will 
physicists. But they do give a rough idea of the situation 


Table 1. Mean number of women students at tertiary level expressed as a 
percentage of the total number of students in six regions of the world. 


Region Percentage of women at the tertiary level in different disciplines 
natural science engineering medicine all tertiary 
education 
African (13) 9.5 1.4 14.9 12.8 
Arab (11) 22.6 3.5 27.7 22.5 
Western* (22) 25.0 3.9 31.6 33.8 
Asian (15) 28.6 4.3 34.6 28.1 
Central & S. American (14) 44.6 5.8 41.7 35.0 
East European (9) 49.1 22.0 58.3 42.3 
“In the absence of any more suitable term, the word Western has been used throughout this ch i i 
the culture is predominantly that of Western Europe. Ut EMS chapter to designate countries where 
Notes 


(a) The data refer to the years 1969, 1970 or 1971. 
(b) 


Appendix Table A1 gives the breakdown for each country. 
(c) 


The number of countries in each region is given in brackets after the name of the region, 


This table must be interpreted with caution. International c 
Suspect, because different countries may use different definitions in spite of the compiler’s 


efforts at standardization, Thus in some countries those studying to become science teachers are 


included under natural Science ilst i i ifi 
3 » whilst in other countries they are classified unde: i 
proportions of biologists, chemists and oe 


physicists in ‘natural science’ may var id 
sie n _and l y widely from 
N E And the ‘medicine category appears to include student nurses as well as 
EA aeons Fant one or two cases. However the process of averaging by region probably 
rst of these discrepancies, and the results certainly warrant discussion. 


omparisons of this kind are always 
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Table | shows that the percentage of natural science students who are women ranges from 
under 10 per cent in Africa to nearly 50 per cent in the countries of Eastern Europe. In éngineer- 
ing it ranges from 1.4 per cent to 22.0 per cent and in medicine from 14.9 per cent to 58.3 per 
cent. When arranged according to the percentage of women students, the six regions appear in the 
same order for all three science-based disciplines with the smallest percentage of women scientists 
in Africa, followed by Arab, Western,* Asian, Central and South American countries. The largest 
percentage of women scientists is in East European countries. But this order does not exactly 
match the order in all tertiary education where Western countries have a higher percentage of 
women students than Asian countries (last column, Table 1). If the percentage of women in all 
forms of tertiary education is taken as an index of the position of women in society, this can be 
compared with the position in science. Table 2 shows such comparisons. The percentage of women 
in each of the science based disciplines has been divided by the percentage of women in tertiary 
education as a whole. Ratios of less than one indicate subjects in which women are under- 
represented (when their position in tertiary education as a whole has been taken into account) 
whereas ratios greater than one indicate subjects in which women are relatively over-represented. 


Table 2. The relative representation of women in science-based disciplines compared 
with their representation in all tertiary education in six regions of the world. 


natural science engineering medicine 
African 74 11 1.16 
Arab 1.00 16 1.23 
Western -74 A2 .93 
Asian 1.02 A5 1.23 
Central and S. American 1.27 -17 1.19 
1.16 -52 1.38 


East European 


Notes 
nts in the discipline concerned 


Percentage of women stude c : 
nts in all tertiary education 


Percentage of women stude 


(b) This Table is derived from Table 1. 


(a) The figures are 


Clearly the sex-typing of science varies in different regions of the world. Only in Western and 
African countries are women proportionately under-represented in natural science. In Arab and 
Asian countries, the percentage of women in science matches the percentage of women in 
tertiary education; and in Central and South American and East European countries women are 
Proportionately over-represented in science. In both regions, women still form less than 50 per 
cent of science students, although science is rather nearer equality than is tertiary education asa 
whole. Engineering and medicine present strong contrasts. In all regions of the world, women are 
drastically under-represented in engineering; the situation is markedly better in Eastern Europe 


itable term, the word Western has been used throughout this chapter to designate countries where 


“In the absence of any more su 
x hat of Western Europe. 


the culture is predominantly t 
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than elsewhere although even there women are only half as well represented in engineering as in 
other subjects. However, in most regions of the world women are better represented in medicine 
than in other subjects (Western countries are the exception). Nevertheless, only in Eastern Europe 
do women constitute a majority of medical students. 


Table 3. Comparison of the percentage of women students in the early 1970's with 
the corresponding percentage in the early 1960's. 


natural science engineering medicine all tertiary education 
African (6) 10.8 (9.4) 0.5 (0.1) 19.5 (9.7) 14.2(1 1.1) 
Arab (8) 19.0(13.3) 4.6 (3.0) 24.1(24.7) 17.9(12.9) 
Western (21) 25.6(23.8) 3.9 (2.7) 31.5(28.5) 34.3(27.5) 
Asian (8) 33.1(27.1) 3.0 (2.5) 38.6(26.7) 30.5(23.9) 
Central & S. American (9) 45.6(40.9) 6.8 (4.5) 37.6(27.2) 34.3(28.5) 
E. Europe (8) 52.2(47.1) 23.2(16.0) 58.6(49,8) 43.4(36.1) 


Notes 


(a) | Unbracketed figures refer to the years 1969, 1970 or 1971. Bracketed figures refer to the data for the 
same countries in the years 1959, 1960, 1961 or 1962. The figures for the early 1970's do not agree 


exactly with those in Table 1 because countries for which data on a given discipline were not available at 
both dates have been excluded from this Table. 


(b) Appendix Table A2 gives the breakdown of the early 1960's figures for each country, 


(c) | The number of countries in each region is given in brackets after the name of the region, 


(d) Data from Unesco Statistical Yearbooks. 


There has been some improvement in the position of women in science and in tertiary 
education as a whole, over the past ten years. Table 3 compares the percentage of women 


scientists in the early 1970’s with the percentage ten years earlier. Althou 


gh the cha t 
dramatic, nges are no 


in nearly every category there has been a small increase in the percentage of women. 
But these increases have occurred in all tertiary education, not just in science, and when women’s 
relative representation in natural science is examined over a ten-y 
minimal (Table 4). In the early 1960’s, women were relatively und 
African and Western countries, and relatively over- 
and East European countries; and the same was tru 
women’s relative representation in natural science decreased over this period from 86 to .75 
Women’s relative representation in engineering does seem to have increased slightly between 
1960 and 1970, whereas the situation in medicine varies from region to region. But the picture 


is one of basic stabili i i i imi ; . 3 
whole, ity, with changes in science similar to changes in tertiary education as a 


ear period the changes are 


under-represented in science in 
represented in Central and South American 


e of the early 1970’s. In Western countries, 


aaa mae statistical data illustrates several different aspects of women’s 
Tiis shortage is he i shows that women scientists are few in many regions of the world. 
coadties Topa an R in Africa, but it is also apparent in Arab, Western and Asian 

ot women in science is closely linked to the position of women in society, 
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Table 4. Comparison of the relative representation of women in science-based 
disciplines in the early 1970's and the early 1960's. 


natural science engineering medicine 
African .76( .85) -04(.01) 1.37( .87) 
Arab 1.06(1.03) .26(.23) 1.35(1.91) 
Western .75( .86) -12(.10) -92(1.04) 
Asian 1,09(1.13) -10(.10) 1.27(1.12) 
Central & S. American 1.33(1.44) .20(.16) 1.10( .95) 
East European 1.20(1.30) -53(.44) 1.35(1.38) 


Notes 


(a) The figures are: Percentage of women students in the discipline ; 
Percentage of women students in all tertiary education. 


(b) Unbracketed figures refer to the years 1969, 1970, or 1971. 
Bracketed figures refer to the years 1959, 1960, 1961, or 1962 


(c) This Table is derived from Table 3. 


and Tables 3 and 4 show that as women’s position in education improves, so too does their 
representation in science. However in Western and African countries women are finding science 
less attractive than other subjects (Table 2) and it is with these countries, where there is a special 
Problem in science, that this chapter is primarily concerned. 


19.3 EMPLOYMENT AND PRODUCTIVITY 


Information on the employment and productivity of women physicists is scarce. The American 
Physical Society (APS) has produced a detailed report [1] on the position of women physicists 
in the United States and, in the absence of comparative data for other countries, the American 
figures must serve to indicate the employment situation of women physicists in the Western 
world. (Appendix Tables A3, A4 and AS show what scant data is available from other countries). 
The APS report deals with the distribution of women physicists by field, by qualification and by 
type of employer, and includes information on salaries and academic rank, although not on 


Productivity. Some of the relevant statistics are shown in Table 5. 


Table 5a shows that a much lower percentage of women than men physicists have a Ph.D. 
degree. Tables 5b and 5c show that women physicists employed in education in the United 
States are concentrated in less prestigious institutions and in lower ranking posts. Figures from 
other countries also show women concentrated in lower ranking posts (Tables A3, A4 and AS). 
Table 5d indicates that women are more often found in educational institutions and less often in 
industry than men physicists. Census data on the employment of women scientists in the United 
Kingdom show exactly the same trends [15], and data from the Institute of Physics in the U.K. 
give a similar picture (Table A3). Table Se shows the median salaries of women physicists, 
compared to the median salaries of all physicists in the U.S.A. In every case the women’s median 
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(a) 


(b) 


(c) 


(d) 


(e) 


Note 
(a) 


Table 5. The employment characteristics of women physicists in the USA 


Highest qualification of women and men physicists 
All physicists Employed in educational 
institutions 
Women Men Women Men 
(%) (%) (%) (%) 
PhD 25.6 46.5 30.5 54.9 
MA/MSc 47.4 33.1 50.4 31.7 
Other 27.0 20.1 19.1 13.0 
Percentage of the staff of physics departments in different types of college and university who are women 
Percentage of women 
‘Top Ten’ universities 0.9 
Universities 1.7 
Four year colleges with MA/MSc programmes 25 
Four year colleges with undergraduate programmes only 6.0 
Percentage of posts of different academic rank held by women 
Percentage of women 
Professor 2.2 
Associate Professor 27 
Assistant Professor 32 
Lesser Rank 7.4 
Percentage of women and men physicists employed in different organizations 
Women (%) Men (%) 
Educational institutions 58 49 
Government 8 11 
Non-profit organizations 3 2 
Industry 9 28 
Others _ 22 9 
Ratio of median women physicists salary to median salary of all physicists by qualification level and type 
of employer 
PhD MA/MSc Other 
Educational institutions -90 87 83 
Government 93 90 ‘85 
Non-profit organization .68 95 ‘83 
Industry 92 84 ‘7 


Data from APS [1]. 


Women 


salary is lower, ranging from .68 to .95 of the overall median. Again the situation in the United 
Kingdom (Table A3) is similar. 


Does this really represent discrimination? Many of the women surveyed by the APS felt that 
they had experienced discrimination, but the authors of the report comment that they seemed 
‘more frustrated by their inability to establish conclusive proof of discrimination .... than by the 
discriminatory action itself’. Burrage [6] reported similar feelings among British university 
women scientists. The higher proportion of men in management positions accounted for some of 
the salary differential shown in Table 5e. But even when compared by primary work activity [2], 
women physicists were paid less than men. 


There is a further related problem. In responding to the APS questionnaire, women without 
Ph.D’s gave family responsibilities and lack of financial support as the main reasons for not 
continuing their education. To the extent that family responsibilities fall heavily on women, 
women are disadvantaged. Lacking a doctorate, they will not be considered for more prestigious 
appointments, and so a vicious circle is set up. The problems facing women physicists are 
exacerbated by working conditions which provide little in the way of maternity/paternity leave, 
day nurseries or retraining opportunities. If women interrupt their careers to raise a family, their 
knowledge will become outdated; without adequate retraining courses it is difficult to re-enter 
physics after a break. There is a pressing need for part-time positions (possibly split appoint- 
ments) which carry prestige, security and professional salaries and which can form an integral 
part of a developing career. Many able women physicists would take advantage of such oppor- 
tunities. In the APS survey, 50 per cent of the women who broke their careers said that they 
would have worked continuously if part-time work had been available; 46 per cent said they 
would have worked continuously if child care had been available. The problem of independent 
mobility vis-a-vis their husbands arises but can only be resolved within individual marriages. Anti- 
nepotism rules, a further problem for women, could and should be replaced so that women can 
take positions in the same institutions as their husbands. 


In contrast to the APS survey, a study of a matched sample of American male and female 
chemistry, biology and psychology graduates [7] found little evidence of discrimination. There 
was some clustering of women in low level posts and less prestigious institutions; but when 
Controlled for quality and quantity of research output (measured by number of citations and 
publications) women and men were evenly distributed through different types of institution. 
Women still tended to occupy lower-ranking posts, but the authors concluded that women were 
not discriminated against when judged by science’s own criteria of citations and publications. 


Research results on the productivity of women scientists are scarce and contradictory. Cole & 
Colefind that women, particularly married women with children, produce fewer papers than men. 
But Simon and others [20] find the opposite, with married women producing more than men. 
Harmon’s work, quoted by Kistiakowsky [16], shows that women, particularly married women 
with Ph.D’s in science obtained better scores in high-school ability tests than similarly qualified 
men. Women are highly pre-selected, both in terms of ability and determination, before 
obtaining a doctorate. A married woman’s decision to work is almost always revocable as there is 
an alternative role open to her; if and when her work reaches a sticky patch this alternative may 
be a strong temptation. So married women who stay in science are unusually determined. On the 
other hand, a woman’s prestige and worth is not measured by her success in a career to the same 
extent as a man’s. For this reason women may put less effort than men into producing research 
Papers — the outward symbols of success. This is obviously a complicated topic, and no clear 
conclusions can be drawn on the existence or interpretation of sex differences in productivity. 


The APS survey refutes the suggestion that there is a large wastage factor in training women. 
At least 80 per cent of women with Ph.D’s in physics continue working in physics. British 
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figures, albeit at a lower level of qualification, indicate that 64 per cent of women with B.Sc. 
degrees in science are currently employed [15]. However even this slightly lower figures does not 
suggest a great waste of training. 


Information from East European countries indicates a varied situation there. Dodge reports 
that in the Soviet Union women comprise 21 per cent of the university staff in mathematics and 
physics [11]. Although this compares very favourably with the 4 per cent of physics staff in the 
USA, women in the USSR still face some of the same problems as do women in the West, 
particularly concerning domestic responsibilities. But the greatest contrast between East and West 
is illustrated by Souter and Winslade [21] in their study of women engineers in the USSR. They 
found that women engineers were so completely accepted that questions about women’s ability 
in engineering were not understood in the USSR. This acceptance is probably the most important 
factor encouraging girls into science and engineering. 


19.4 ACCEPTABILITY OF WOMEN IN PHYSICS 


An attempt has been made to determine the extent to which girls are accepted in physics in 
different countries; this was done by means of a questionnaire. The samples were small and not 
statistically representative, so the results are only suggestive. However, they do show a wide 
variation from country to country. Table 6(a) shows the way pupils respond to the question 


Table 6. Responses to questionnaire on girls and physics 


(a) The percentage of boys and girls in different countries who chose each 
answer to the question on suitability of physics (see text) 


Boys (%) Girls (%) Numbers 

(a) (b) (c) (a) (b) (c) Boys Girls 
Brazil 0 0 100 0 1 99 83 
Federal Republic of Germany 4 57 39 0 46 54 a 58 
N. Ireland 6 60 34 0 12 88 48 27 
Italy 0 13 87 0 4 96 53 74 
Swaziland 0 57 43 0 8 92 32 12 
Thailand 0 25 75 3 24 73 20 98 
Trinidad & Tobago 0 43 58 0 23 76 234 201 
U.S.A, 0 18 82 0 8 92 56 25 


(b) Relationship between the percentage of science students who are women 
(see Table A1) and the percentage of respondents choosing answer (c). 


Women scientists 
(%) 


Answer (c) (%) 


Federal Republic of Genera r Boys Girls 
Trinidad & Tobago y 20 39 54 
Italy 33 58 76 
Thailand 39 87 96 
Brazil 41 75 73 
48 100 99 
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‘Do ‘you think physics is (a) more suitable for girls, (b) more suitable for boys, (c) equally 
suitable for girls and boys?’. The percentage of respondents choosing answer (c) ranges from 
100 per cent of boys in Brazil to only 34 per cent of boys in N. Ireland, presumably reflecting 
cultural differences in the acceptability of women in physics. It is noticeable that in most 
countries girls were more likely than boys to choose answer (c). 


Table 6(b) shows that for the five countries where a comparison is possible, there is a strong 
relationship between the percentage of pupils choosing the egalitarian answer (c) and the 
percentage of women scientists. The effect is probably two-way: where it is accepted that 
physics is suitable for girls, women are more likely to become scientists; and where a large 
percentage of scientists are women, physics is more likely to be thought suitable for girls. This 
pilot study suggests that a thorough investigation of attitudes towards women in physics would 
yield important information about the reasons why women in the West tend to avoid physics. 


19.5 GIRLS AND PHYSICS EDUCATION 


19.5.1 Girls’ performance in physics 


Evidence on the relative attainment of girls and boys in physics comes from the IEA study 
Science Education in Nineteen Countries [8] and a study by Hnilickova in Eastern Europe [13]. 
In general, boys perform better than girls in physics tests. Table 7 shows the mean difference 
between girls and boys scores in three age groups — ten year olds, fourteen year olds and pre- 
university. The sex differences are highly significant (beyond the 0.1 per cent level) and are larger 
in the older age groups. All pupils (not just those studying science) were tested, so it may be that 
some of the difference in the pre-university group is due to more girls having ceased the study of 


physics, 

Table 7. Mean differences between girls and boys scores in physics attainment tests 

administered to ten-year-olds, fourteen-year-olds and pre-university school pupils. 

ten-year-olds fourteen-year-olds — pre-university 
“Western (14) 45 61 90 
Asian (3) 15 26 21 
South American (1) 26 ae 48 
37 35 78 


East European (4) 


Notes 


(a) Appendix Table A6 gives the breakdown for each country 


(b) The number of countries in each region is given in brackets after the name of the region 


(c) Data from Comber & Keeves [8] and Hnilicková [13] 
ld): Theisex differences:are given in standardized form, as percentages of the mean standard deviation of scores. 


Since most of the countries for which complete data on attainment are available are in the 
Western category comparisons between regions of the world are unreliable. However, the figures 
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do suggest that the sex differences are larger in Western countries than elsewhere. This may reflect 
the relative importance of science learning in and out of school. In technological societies, such 
as those of the Western countries, much science learning takes place informally out of school. 
Boys may have greater access (through toys and household tasks) to this informal learning. But in 
non-technological societies, such as those of Asia and South America, nearly all science is learnt 
in school; girls receive as much instruction as boys, so reducing the sex difference in exposure to 
science. It is noticeable that the absolute level of science attainment (not shown here) is much 
lower in the non-technical societies, possibly because informal science learning is absent. Data on 
Eastern Europe comes mainly from Hnilickova’s study (which used different tests from the IEA 
study) and so it is not possible to compare the absolute levels of attainment. The smaller sex 
difference in Eastern Europe probably reflects the more egalitarian expectations in those 


countries. The Soviet Union was not included in these studies but Souter and Winslade [21] report 
that there is no sex difference in attainment there. 


There has not been a thorough attempt’to account for these sex differe 
some hints do exist. Hnilickova [13] suggests that ‘the less successful 
physics are relatable not so much to their aptitude as to the fact th 
interested in physics’. The same seems to be true in the West. The IEA 
in science by questions on the frequency of children’s science 
interest in science and their view of science in the world. Ina 
boys were more interested than girls in science. (These were 
of the test are only reported for the fourteen-year- 
go some way to providing an explanation for the 
not interested in physics they are unlikely to pu 
perform poorly in physics attainment tests. This survey did not measure interest in physics, 
chemistry and biology separately, but several studies have shown girls to be most interested in 
biology and least interested in physics. The IEA survey found sex differences in attainment to be 
small in biology, intermediate in chemistry and large in physics. Thus attainment and interest in 
studying a science appear to be related. While it is possible that poor performance causes lack of 
interest, in the absence of any evidence it is more optimistic to assume that if girls’ interest in 
physics could be improved, their attainment would also increase. 


nces in attainment, but 
results scored by girls in 
at they are generally less 
survey measured interest 
-related activities, their self-reported 
Il countries where this test was used, 
all Western countries and the results 
olds and pre-university pupils.) This result may 
sex difference in physics attainment. If girls are 
t much effort into studying it and will probably 


19.5.2 Textbooks 


Girls may lose interest in physics because such interest is n 
highly conformist and if physics is seen as a subject for b 
involved in it. However, if they can see that women are acc 
will be better motivated. One way of investigating the acceptability of women in physics is to 
Study school textbooks and the biases they contain, Textbook writers reflect, probably 
unconsciously, the general opinion about women’s place in society. But they also eee to the 
Pupils who read these books an impression of what is expected in physics. This impression is 
most important in the first few years of secondary school, when pupils are stil] BF about 
whether they wish to continue studying physics. 


Table 8 gives the resi 
years of second. 


ot expected of them. Children are 
oys, girls are unwilling to become 
epted and welcomed in physics, girls 


ults of a survey of three sets of 


een surveyed, the workin 
ers of the conference 
of their textbooks. In 
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and any sex bias removed before publication. The following remarks apply specifically to English 
language texts. 


To a certain extent this preponderance of male items may reflect the conventions of the 
English language, but this excuse is not valid for drawings nor for questions involving ‘Freddie 
Jones’, ‘Uncle George’ or ‘a boy’. Writers may well object that it is clumsy to write ‘he or she’, 
but it would make a refreshing change to have ‘Susie Brown’ explaining some physics to ‘Aunty 
Mary’ or to read occasionally ‘a scientist... . she . . . .’. The first reaction by pupils to sucha 
sentence would probably be ‘How do you know the scientist was a woman?’, so disrupting the 
lesson and diverting attention from the physics of the question. But such reactions would not 
persist if the scientists were frequently ‘she’, and any disruption is a small price to pay for 
encouraging pupils, of both sexes, to see women in physics as commonplace. 


Books can give the clear impression that physics is done by and for men. The sparseness of 
examples of physics-related activities from women’s lives is very striking. It would not be 
difficult to incorporate such examples. Even an entirely traditional view of women’s lives could 
involve air pressure (vacuum cleaners), heat transfer (cooking, 
(domestic wiring), density (shopping), and energy changes ( 
continued almost indefinitely. A textbook should show 


lives. There are two ways of doing this. 
One is to emphasise ‘kitchen physics’ i.e. to show how Physics affects the domestic life that 
many girls have come to expect; the other is to broaden girls’ horizons by showing women in 
physics-related occupations from nuclear scientist to mac 
are not necessarily in conflict, but can and sh 
involving boys is the other side of the coin to 
included. Existing textbooks may possibly disc 


ould complem 
“factory physic 


19.5.3 Syllabuses 
What of the syllabuses themselves? Are the 


y more suitable for boys than for girls? The evidence 
is indirect, but suggests that they are. 


express their own opinions. Most 
in physics. But to early secondary 


of science in the firs: 
favourably and 
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‘heat’ and ‘modern physics’. By relating physics to girls’ knowledge and background, such a 
course might improve their attitudes towards physics. Even if it did not result in more physics 
specialists, such a course in the first few years of secondary school would be more suitable for 
pupils (of both sexes) whose physics would be limited to a nodding acquaintance with the 


principle of moments or the specific heat of copper. 


Less fundamental syllabus changes might also encourage girls. One of the most consistent 
comments that pupils make about physics is that it is difficult. Difficulty can be expressed 
within a Piagetian framework in terms of concept development. For several reasons, undue 
difficulty may have more serious consequences for girls than for boys. Girls are generally 
more re-inforceable than boys, more encouraged by success and more discouraged by failure. 
Where boys see difficulty as a challenge, girls are more likely to be worried by their failure to 
understand and to retreat from the difficulty by dropping the subject. In general, girls enter 
secondary school with less interest and less background knowledge in physics than do boys, so 
they have less to fall back on if the classwork is beyond them. In Shayer’s words [19] the effect 
of trying ‘to make someone participate in a process which is taking place at a more complex 
level than that to which they have access . . . . is unmistakable, as of the floor having given way 
without warning. In girls, particularly, it can cause either acute anxiety or resentment or both’. 


A rather different approach comes from the United States, where Bridgham has worked for 
some years on the effects of severe grading practices in the sciences. He found that pupils tended 
to get lower grades in their science subjects than in non-science subjects and that this effect was 
more marked for girls than for boys. Although the girls taking science did as well as the boys in 
science, they did better than the boys in non-science subjects and so the differential between their 
science and non-science marks was larger. In a pilot study (which did not separate the sexes) 
Bridgham and Welch [5] showed that the pupils of teachers who gave high grades in physics were 
Significantly more likely to wish to take another physics course than were pupils of teachers who 
gave low grades (controlling for objective level of performance). The subsequent study [4] used a 
regression analysis and suggested that if science grades were no more severe than grades in other 
“Subjects, girls’ enrolments in physics would increase by 80 per cent. The effect for boys was 
negligible. A regression analysis is not as convincing as an experimental demonstration, and the 
Same effect might be produced by the sex difference in attitude towards science. But this result 
does support the hypothesis that girls are encouraged by success and discouraged by failure, and 
that more girls would study physics if it were not seen as a difficult subject. It should be 
emphasized that both boys and girls find physics difficult, the difference between them being 


that girls are more discouraged by the difficulty. 

modern courses with their emphasis on discovery methods 

and experimental work may be more suitable for boys than for girls. Harding, in her work on the 

Nuffield curriculum diffusion project, found many teachers complaining that ‘girls can’t operate 

the Nuffield approach like boys can’, and this was reflected in the O-level results [12]. Although 

On traditional syllabuses girls’ results were as good as those of boys at O-level, boys did much 

better than girls on the Nuffield syllabus. And this was not because more girls of lower average 

ability were entering for Nuffield, if anything the opposite was true. The discovery approach 

just does not seem to suit many girls whose learning style is better suited to more highly 

Structured tasks and the verbal, descriptive aspects of science. This was confirmed in an American 

Study by Babikian in 1971 in which expository, laboratory and discovery methods of teaching 
Archimedes’ Principle were compared [3]. Boys with high IQ learnt equally well by any method, 
but whereas girls with high IQ did almost as well as the boys with the expository and laboratory 
methods, they achieved much less well with discovery methods. It is interesting that even in the 
Soviet Union teachers report sex differences in learning style. Girls are ‘more conscientious. 
diligent and persevering than boys: they are more even and systematic in their studies, while 


However, the whole philosophy of 
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boys have ups and downs’ [21]. Similar reports are common in the United Kingdom and the 
U.S.A. Such persistent sex differences should not be ignored in designing physics syllabuses. 


There are two factors in syllabus design which must be carefully balanced. One is to broaden 
pupils’ horizons by introducing them to experiences and modes of thought they may not have 
met previously. The other is to retain their interest and attention by presenting the sort of 
situation they can grasp and enjoy. Many physicists feel that only discovery methods can do 
justice to physics, but unfortunately this has the effect of turning many girls in the thirteen to 
sixteen age group away from physics. Perhaps this is because they are reaching puberty and so 
are particularly vulnerable to social forces. Whatever the reason, if girls abandon physics during 
this time they are unlikely, and often unable, to take it up again later on. Hence, it is important 
to retain their interest over this period, perhaps by different approaches to physics teaching. 
Project Physics has attempted to do this by placing physics in its cultural context. Art, history, 
philosophy, music and technology are included with physics, but this does not lessen the validity 
of the physics being taught. The rationale for this varied approach is that if you want to 
communicate you must talk in a language your audience understands. The whole scheme is 
presented in a flexible form so that pupils can pick out the aspects of physics which interest 
them. One result has been that an estimated 35—40 per cent of the pupils enrolled in the course 
in the United States are girls (compared to less than 10 per cent nationwide), This success shows 
that it is not impossible to design physics syllabuses which appeal to girls. 


Clearly any difference between boys’ and girls’ learning styles are group differences, and 
individuals do not all fit the group pattern. To accommodate these individual differences, a range 
of teaching styles is appropriate so that each pupil can choose the approach, be it verbal or 
experimental, expository or discovery, best suited to his or her learning style. 


19.5.4 Schools 


In many parts of the world there is a movement away from single-sex schools and towards 
co-education. However, there is relatively little information on how this affects attainment in 
physics or in any other subject. At first sight it might appear that co-education would benefit 
girls because girls’ schools have generally had poorer laboratory facilities and a greater shortage 
of science teachers than other schools. Where resources are limited th 


ey have tended to go to 
boys and co- 


education should mean that girls get a fairer share of the resources. 

However, the situation is not as clear cut as this. The IEA survey of Science Education in 
Nineteen Countries included information on whether the children were in single-sex or CO- 
educational schools. The results varied from country to country and they are not easy to interpret 
(partly because in some countries one type of school may be more prestigious or academic than 
the other). But overall the difference between the sexes in attainment was similar at co-educational 
and single-sex schools. Three British studies 

towards physics [9 
girls in single- 
schools, Thi 
when single 
the reason 


, concentrating not on attainment but on attitudes 
] or on numbers continuing to study physics [10], [18] have shown that 
sex schools are more favourably disposed towards physics than girls in co-educational 
s is true even when the academic level of the school is taken into account, that is 


-sex grammar schools are compared with co-educational grammar schools. Probably 
is that in a girls- 


only school there is not such a strong tendency for physics to be 

: ae? ee subject. Also the physics teacher in a girls’ school will have is pay closer 
dass, Thess tine peste interests and abilities of the girl pupils than if they were in a mixed 
elled on boys a Add to compensate for poor facilities and lack of staff. Incidentally, the 
subjects the reverse Sati ~ they study more physics in co-educational schools; and in language 
girls study more Dee ener — boys study more languages in boys-only schools, whereas 
(science for boys, aT co-educational schools. This emphasizes the point that sex-typing 


T girls) is stronger in co-educational schools. 
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The s oe 
that an ee be ee probably affects girls’ attitudes towards physics, but it is not a topi 
into physics bya a ied. There are two main schools of thought: that girls will be att el 
denioasteatin ee e teacher or that contact with a woman physicist will encourage oa 
favour of male oe he. i can do physics. The preliminary results from the IEA ao cone 
there might be chers, but the analysis was not done separately for girl and boy wigs in 
teachers ie Ag i effect, by which men teachers are better for boys ae a 
ies ies es girls. Women physics teachers are more common in girls’ schools and ma omen 

higher proportion of girls studying physics in these schools. This is an ae e 
i an 


important question, but it is still unanswered. 


19.6 CONCLUSION 


paston of this topic at the Edinburgh conference, those from Western countries felt strongl 

fund iangeg in physits cours would only be marginally effective unless accompanied by moe 

st amental changes in society. Nevertheless even marginal improvements are worthwhile and 
lould not be discouraged by these wider’issues or by the inertia of society from doing what 


Can in physics itself. 
media as well as the schools of being remote, difficult and 


z Physics has an image created by the f 
rn Dodge [11] explains how, when the USSR wished to industrialize rapidly and so 
eded a greatly increased supply of scientists in a short time, conscious efforts were made to 
prove the image of the scientist. The scientist was portrayed as the hero in films and books 
he ung people were encouraged to visit industrial plants and work in industry before completing 
ir studies, so as to form a clear idea of the scientists work and way of life. Perhaps similar 
ee could be used to destroy the masculine image of physics in the West. As the international 
Sari show, where women are not handicapped by stereotyped expectations they can, 
do, study physics successfully. 

ter are based on publi 
-speaking countries 0 
f women in dev 
ake a systematic in 


shed studies of women in physics education 
f the Western world. Unfortunately, little is 
eloping countries; perhaps an international 
vestigation. The problems of women 
countries stem from their cultural, social and 
e of women physicists between developed and 
agement to girl physics students in developing 


me details given in this chap 
na conducted in the English- 
age wa about the physics education O 
Sci ncy such as Unesco should undertake a 
ec entists in both developed and developing 
Onomic backgrounds. An exchange programm 
oo Sloping countries might provide useful encour! 
Untries, 
have been made in this chapter — recommendations concerning the 
and the content of illustrations. 


Various recommendations | 
tructure of courses, 


8athering of information, the s 
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Identifies the intellectual characteristics needed for science and shows how thes? are fostered by 
child-rearing practices stressing independence and dominance. These characteristics are accepted and 
encouraged in boys, but are often discouraged in girls. Girls who are aggressive frequently experience 
anxiety which then inhibits their creativity. 


28. Roe, Anne. The Making of a Scientist, New York 1952. 


A classic study of the personality patterns of eminent scientists. Only men are considered, but this 
book is important for two reasons. It shows how uninterested in people some eminent scientists are. 
And it illustrates the long hours and dedication necessary to reach the top. This type of commitment 
is more easily achieved if a ‘wife figure’ is available to provide back-up. 


29. Rossi, Alice. Barriers to the Career Choice of Engineering, Medicine or Science among American Women in 
Women and the Scientific Professions (ed) Mattfeld & Van Aken, M.1.T. Symposium, 1965. 


Survey of women college graduates attitudes towards scientific careers. They consider that careers in 
engineering would be unfeminine, discouraged by their parents, resented by their male colleagues and 
would require skills which women do not possess. Science and medicine are viewed more favourably, 
but are seen as too demanding to combine with family life, and as offering too few opportunities for 
part-time work. Men are, in general, more conservative about women’s careers than are women, but 
men are not as conservative as women think they are. 


30, Schilling, Gerhard F. & Hunt, Kathleen. Women in Science and Technology: US/USSR Comparisons, 
p. 5239 Rand Corporation, Santa Monica, California June 1974. 
A few comparative facts and figures. The difference between the two countries is characterized as 
‘US women want participation in the economy whereas the USSR economy needs women’s participation’. 
Envisages a narrowing of the gap between the two countries in the utilisation of women scientists. 
Ideological difference relating to women’s position are according only a minor role. 


31. Walberg, H.J. Physics, femininity and creativity. Developmental Psychology 1, 47, 1969. 


well in school physics because they are verbal, docile and will work 
ientific creativity requires autonomy, self-sufficiency and high spatial 
Seems to see both physics and femininity as immutable, and basi- 


Suggests that girls do relatively 
for their teacher’s approval. But sc’ 
ability, which girls do not possess. 
cally in conflict. 


19.8 APPENDICES 


Table A1. The number of women students (at the tertiary level) in natural science, 
engineering medicine and all subjects, expressed as a percentage of the total number 
of students in these disciplines in various countries, in the early 1970's. 


Percentage of women 


natural science engineering medicine all tertiary 

African 
, 3.0 9.1 6.5 
Zaire (71) 5 = - 4.9 
Congo (70) 47 = = 11.2 
Togo (71) 56 0.6 “79 7.5 
Ethopia (71) 36 = 12.1 9.2 
ira (71) 8.0 0.0 21.0 13.7 
5 hana (71) » 96 5.0 23.9 15.9 
enegal (71) 10.7 = 10.3 17.6 
Tanzania (71) 12.0 - 17.4 14.7 


Ivory Coast (71) 


N 
Wn 
~N 
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African — continued 


Zambia (70) 
Uganda (71) 
Nigeria (70) 
Malawi (71) 


Arab 


Saudi Arabia (71) 
Sudan (71) 
Morocco (71) 
Syria (71) 
Lebanon (69) 
Libya (71) 
Algeria (71) 
Jordan (71) 
Iraq (71) 
Egypt (71) 
Kuwait (71) 


Western 


Japan (71) 
Iceland (71) 
Netherlands (71) 
Norway (70) 
Switzerland (71) 


Federal Republic of Germany (71) 


Australia (70) 
Greece (71) 
Austria (71) 
England and Wales (69) 
New Zealand (71) 
Denmark (70) 
Sweden (71) 
Canada (71) 
Scotland (69) 
Turkey (71) 
Spain (71) 
Belgium (71) 
Israel (70) 

Italy (71) 

Finland (71) 
Portugal (71) 


Asian 


Bangladesh (70) 
Nepal (69) 
Afghanistan (70) 
Pakistan (70) 
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natural science 


12.9 
14.5 
15.3 
16.1 


0.0 

8.8 
16.6 
19.0 
19.9 
22.0 
24.2 
29.1 
31.2 
34.4 
43.3 


12.8 
13.1 
14.6 
16.0 
19.5 
20.1 
20.1 
20.4 
21.1 
21.6 
21.9 
22.0 
22.2 
22.5 
23.2 
25.1 
31.3 
35.2 
38.7 
38.8 
41.0 
49.2 


7.5 
13.6 * 
15.1 
16.0 


Percentage of women 


engineering medicine 
0.0 = 
= 15.0 
1.0 18.0 
0.0 - 
0.0 0.0 
15 16.5 
1.2 20.2 
5.1 18.3 
0.9 32.9 
6.0 16.3 
2.8 25.9 
0.0 94.2 
7.9 25.5 
9.6 27.2 
0.9 41.0 
4.4 12.4 
6.6 22.2 
3.1 38.7 
2.1 21.1 
2.3 25.9 
0.7 34.8 
6.0 28.9 
5.0 30.2 
1.6 31.3 
0.9 20.4 
3.1 BHT 
8.3 41.0 
1.8 47.7 
1.4 29.4 
7.6 34.1 
1.3 28.7 
2.7 29.4 
4.6 28.1 
11 21.6 
6.0 43.1 
14.4 48.2 
0.2 19.1 
1.9 26.0 
0.4 23.9 


all tertiary 


14.8 
19.1 
14.2 
17.1 


10.2 
14.6 
16.5 
18.8 
23.1 
11.7 
22.8 
31.6 
21.6 
27.0 
49.1 


28.1 
26.5 
28.2 
30.2 
23.7 
28.5 
32.7 
32.8 
31.9 
39.2 
40.5 
36.7 
41.6 
36.1 
31.2 
19.2 
28.1 
29.5 
48.3 
37.6 
48.2 
46.2 


9.7 
18.2 
14.8 
18.9 


Asian — continued 


Hong Kong (71) 
Cambodia (71) 


Republic of S. Vietnam (69) 


Malaysia (71) 
Sri Lanka (70) 
Indonesia (71) 
Iran (71) 
Singapore (71) 
Thailand (71) 
Korea (71) 
Phillipines (69) 


Central and South American 


Guyana (71) 
Chile (70) 
Trinidad & Tobago (70) 
Peru (71) 
Martinique (69) 
Mexico (69) 
Panama (70) 
Cuba (70) 
Brazil (71) 
Dominica (71) 
Argentina (71) 
Ecuador (70) 
Paraguay (70) 
Guatemala (71) 


East European 


German Dem. Rep. (69) 
Albania (69) 
Czechoslavakia (71) 
Yugoslavia (71) 
Romania (71) 

Hungary (71) 

Poland (71) 

Bulgaria (71) 

USSR (70) 


Notes 


(a) Data from Unesco Statisti 


(b) The year to which thi i 
s than 1,000 students have been omitted. 


(c) Countries with les 
(d) Disciplines with les: 


(e) ‘Tertiary educati 


Table A1 (continued) 


natural science 


17.8 
24.8 
25.0 
25.0 
31.7 
32.3 
33.0 
38.6 
40.9 
47.4 
60.5 


Percentage of women 


engineering 


1.0 
11.1 
0.8 
7.0 
5.4 
7.3 
10.1 
6.6 
LE 
0.9 
5.3 


12.1 
14.6 
14.6 
16.7 
20.4 
19.8 
22.1 
39.0 
38.3 


cal Year Book 1973 and/or 1972 Table 4.2 


e data refer is given in brackets after the nam 


s than 100 students or for which figures are not av 


medicine 


16.5 
22.3 
40.7 
18.0 
37.3 
32.5 
36.5 
28.0 
50.9 
50.6 
81.0 


e of each country. 


igher-education. 
on’ means all post-secondary or hig 


Women 


all tertiary 


27.8 
21.2 
29.0 
30.0 
43.3 
27.5 
29.7 
31.3 
41.3 
24.8 
55.0 


23.0 
38.4 
35.0 
35.3 
35.6 
18.5 
46.0 
39.4 
40.2 
41.5 
44.9 
30.1 
42.1 
20.3 


33.5 
32.4 
38.2 
39.4 
43.0 
44.2 
47.1 
53.6 
49.1 


ailable are marked with a dash. 
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Table A2. The number of women students (at the tertiary level) in natural science, 
engineering, medicine and all subjects, expressed as a percentage of the total number 


of students in these disciplines in various countries, in the early 1960's. 


natural science 


African 

Ethopia (61) 47 
Ghana (62) Jak 
Senegal (61) 17.6 
Ivory Coast (62) 19.1 
Uganda (60) 3.6 
Nigeria (61) 4.2 
Arab 

Saudi Arabia (60) 0.0 
Sudan (62) 41 
Morocco (61) 29.8 
Syria (61) 13.9 
Lebanon (59) 12.3 
Libya (61) 5.9 
Iraq (61) 28.4 
Egypt (60) 12.0 
Western 

Japan (61) 13.3 
Netherlands (61) 13.0 
Norway (60) 17.5 
Switzerland (61) 13.0 
Fed. Rep. of Germany (61) 12.2 
Australia (60) 18.7 
Greece (61) 20.9 
Austria (61) 27.3 
England & Wales (60) 19.8 
New Zealand (62) 26.1 
Denmark (60) 20.3 
Sweden (61) 26.6 
Canada (62) 15.2 
Scotland (60) 25.2 
Turkey (61) 28.5 
Spain (60) 22.2 
Belgium (61) 24.6 
Israel (61) 53.4 
Italy (61) ; 
Finland (61) os 
Portugal (60) 35.2 
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Percentage of women 


engineering 


0.4 
0.0 


0.0 


0.0 


medicine 


all tertiary 


4.1 
6.9 
18.2 
22.4 
7.4 
7.9 


0.0 
6.3 
15.4 
15.6 
23.4 
3.2 
22.1 
17.0 


22.9 
17.7 
20.7 
17.4 
23.5 
27.3 
25.9 
23.4 
32.5 
31.3 
32.6 
34.3 
27.0 
2062 
20.8 
18.0 
27.3 
43.0 
28.7 
47.5 
29.7 


Women 


Table A2 (continued) 


Percentage of women 


natural science engineering medicine all tertiary 

Asian 
Pakistan/Bangladesh (61) 6.2 0.0 20.0 12.4 
Hong Kong (61) s 26.4 3.4 10.9 30.0 
Rep. of S. Vietnam (60) 10.4 0.4 29.2 17.7 
Sri Lanka (60) 28.5 0.0 16.0 17.0 
Indonesia (59) 28.5 4.6 16.9 19.5 
ca ‘a a 11 a = 

Orea (62) k F A F 
Phillipines (60) 71.4 78 67.5 51.4 
Central & South American 
Chile (60) 29.1 25 35.7 36.9 
Peru (60) 22.9 3.5 28.0 25.5 
Mexico (60) 34.2 1.1 20.9 17.5 
Cuba (61) 59.6 13.7 28.4 37.9 
Brazil (61) 36.9 1.5 24.4 29.4 
Dominica (61) - 5.9 = 24.4 
Areta (6N E E 
K eadar fah) 2 6.3 26.8 31.7 
Paraguay (60) 63. ; i : 
East European 
Albania (60) 22.6 E he Len 
Czechoslovakia (60) 49.4 ; š i 
eA 40.0 11.6 42.4 29.5 
Pratt rg 50.2 18.1 50.3 35.8 
Bae nia (62) 53.1 13.6 46.7 53.2 
ee i 55.0 12.2 61.6 35.3 
Bulgar a 59.2 27.3 57.7 40.9 

ja = 29.6 56.5 43.5 

USSR (60) 
Notes 


(a) Data from Unesco Statistical Year Books. 
(b) The year to which the data refer is given in brackets after the name of each country. 


itted. 
(c) Countries with less than 500 students have been omitte: l 
50 students or for which figures are not available are marked with a dash. 


(d) Disciplines with less than N ; nai i 
n notes (c) and (d) are less stringent than the corresponding restrictions in 


i dents and figures for these 
i Uganda and Libya have less than 1,000 stu ! j 
Table A1. haeta ne They A1 included to maintain the number of countries in the African region, 
countries may be mIs 


which would otherwise be too small to be meaningful. 


(e) The restrictions on numbers i 
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(a) 


(b) 


(c) 


(d) 


(e) 


Table A3. Women physicists in the UK 


Percentage of those awarded qualifications in physics in 1971 who were women 


PhD. 

M.Sc. 

B.Sc. (hons) 
B.Sc. (pass) 
A level 

O level 


Percentage of members of the Institute of Physics who are women 


Fellows 

Members 
Associate members 
All classes 


Percentage of physicists who are women, by type of employer 


Industry 

Education (all) 
(university) 

Public 

Unemployed 


Percentage of physicists who are women, by type of work 


Management, Administrative & Sales 
R. & D., science and technology, production 
Education 


Median salaries of members of the Institute of Physics, by age group 


Age group 


26—30 
31-35 
36—40 
41—45 
46—50 


Notes 


(a) 
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Data for Table (a 


) from Statisti 
by the Institute oe 


Of Physics from their 1974 Remuneration Survey. 


Percentage of women 


3.6 
9.4 
12.4 
13.6 
17.6 : 
21.4 


Percentage of women 


15 
2.5 
6.7 
4.2 


Percentage of women 


2.4 
4.0 
2.6 
3.6 
10.3 


Percentage of women 


1.7 
4.3 
5.2 


Median Salary 


2240 
3200 
3390 
3608 
3874 


Women members 


All members 


2800 
3485 
4010 
4661 
4900 


of Education 1971, Vol. 2 & 6. Data for Tables (b) to (e) kindly supplied 


Table A4. Comparison of the percentage of physics students who are women in various countries. 


Country 


Australia 
Undergraduate 
Graduate 


Brazil (1975) 
Undergraduate 
Graduate 


Czechoslovakia (1974) 
Students for research 
Student teachers, lower secondary 
Student. teachers, upper secondary 


Egypt 


Undergraduate 
Graduate 


Fed. Rep. of Germany (1970) 
Students 


Hungary 
Students for research 
Student teachers 


Italy 
Students 


Malaysia 
Undergraduate 
Graduate 


Nigeria (1966—74) 
Graduates 
Poland 
Students 


Swaziland (1971—74) 
Students 


Sweden 
School 
Undergraduate 
Graduate 


U.K. (1971) 
First year undergraduates 
Graduates 


U.S.A. (1973) 
Undergraduate 
Masters 
Doctorate 


West Indies 


Undergraduate (first year) 
Undergraduate (final year) 


Women 


Percentage of women 


66 


30 


AD 


50 
20 
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Notes 


(a) Data from personal contacts in the various countries. Where the name of the country is not followed by a 
date, the information was estimated by conference participants. 


(b) Graduate refers to post-graduate (PhD) students. 
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Table A5. Comparison of the percentage of employed physicists who are women in various countries. 


Country 


Brazil (1974) 
Professor 
Associate Professor 
Assistant Professor 


Czechoslovakia (1973) 
Prague & Brno universities: 
Professor 
Reader 
Assistant 
France (1974) 
French Physical Society 
Hungary 
Professor 
University Staff 
Staff of Research Institute 
Italy 
Professor 
University staff 
Malaysia 
School teacher 
Higher education 
Industry 
Government 
Nigeria (1974) 
Physics teachers 
Poland 
Professor 
Associate professor 
Assistant professor 
School teacher 


Thailand (1974) 
High school physics teachers 


U.K. (1974) (see Table A3) 
Physical Society 


U.K. (1972) (see Table 5) 
National Register 


Notes 


(a) Data from personal conta 


date the information was estimated b' 


Percentage of women 


12 


in the various countries. Where the name of the country is not followed by a 
ts In dbl 
: y conference participants. 
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Table A6. Mean difference between girls and boys scores on physics attainment tests 


administered to ten year olds, fourteen year olds and pre-university school-pupils. 


Western 


Australia 

Austria* 

Belgium (Flemish) 
Belgium (French) 
England and Wales 
Finland 

France 

Fed. Rep. of Germany 
Italy 

Netherlands | 

New Zealand 
Scotland 

Sweden 

U.S.A. 


Asian 


India 
Iran 
Thailand 


South American 
Chile 


East Europe 


Czechoslovakia* 
German Dem. Rep. 
Hungary 

Poland * 


Notes 


ten year olds 


26 


37 


fourteen year olds 


58 
60 
63 
46 
43 
80 
77 
58 
68 
61 
66 
63 
56 


30 


23 


46 


pre-university 


110 
104 


43 


(a) Data from Comber and Keeves [8], Tables 6.15, 6.16, 6.17 and Hnilickova [13], Tables 1, III. 


(b) Data on countries marked * is taken from Hnilickova [13]. 
drawn than those for the IEA study, and the results are therefore les: 
(c) The figures are standardized score units: 


difference between mean scores of boys and girls x 100 
average standard deviation for all countries 
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The sam 


s reliable. 


ples for this study were less carefully 


20 The contribution of students to the 
improvement of physics teaching 


d with students. They may have a greater contribution to make to 
the improvement of physics teaching methods, to curriculum development and to the produc- 
tion of instructional materials than has been appreciated in the past. Some work involving 
students has been initiated in the United States. This chapter, based on a paper by A.A. 
surveys this trend and indicates some of the conclusions to be drawn from it. 


Physics teaching is concerne 


Strassenburg, 


20.1 THE USE OF STUDENTS AS TUTORS IN SELF-PACED COURSES 


The idea behind the Personalized System of Instruction (PSI) is that students enrolled in a course 
will study, to some extent at least, what topics interest them when they are intellectually and 
psychologically prepared for them. The scheme, as described by Keller [1] calls for the use of 
advanced students as tutors of less advanced students. No one instructor is to determine when 
and in what way a student will investigate new ideas. Even though it is clear that students in such 
a course need to rely heavily on printed matter, laboratory work, audiovisual materials and all 
manner of independent study methods, Keller did not propose that students should receive no 
Instruction directly from persons more knowledgeable in the subject than they. He did recognise 
however, that self-paced instruction for a class of typical size and instruction bya single master 
teacher are not compatible, and therefore the concept of student tutors seemed to him an essential 
ingredient of the system. When a student is used as a tutor, he or she becomes influential in 
determining what and how well other students learn. He or she is also in a position of potential 
influence on decisions concerning the design of course materials, instructional systems and the 


evaluation of learning. 

A large number of trials of variations of the Keller Plan have been conducted, and a significant 
number of these have been reported in the literature. Surprisingly, few of these reports make any 
Mention of student tutors. In particular, the author studied with care articles on the use of PSI 
written by Gueths [2], Gilmore [3], Anderson and Artman [4], Austin and Gilbert [5], and 
Swartz and Zipfel [6]. While each of these papers contains valuable information on trials and 
modifications of Keller Plan courses, none mentions the use of student tutors. Either student 
tutors take little part in these systems Or the systems functioned without student tutors; the 
latter conclusion seems quite consistent with the course descriptions in almost all cases. 

; hat do mention student tutors have been published. Green [7], 
ee a eat tutors as high quality and willing performers who are essential 
s Institute of Technology. In neither of these 


the role students played in influencing the content of the course 


or the design of the instructional system. Nor is 


was made to evaluate how effectively the students functioned in their role as tutors. Philippas 
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and Sommerfelt [9] present a more quantitative but even less analytical report on the use of 
student tutors. They operated a large system, therefore their comments carry the weight of 
statistical significance. In making work assignments, they did not distinguish between the functions 
of a tutor and a proctor; presumably this means that the students they employed performed as 
administrators of unit mastery tests and perhaps also evaluators of student performances on 
mastery tests. If so, this is exactly the kind of responsible student role that deserves careful 
analysis and assessment. Unfortunately, we learn from this report only that one third of the student 
tutors were rewarded with course credit and two-thirds were paid. 


In a 1974 publication Roper [10] discusses the use of ‘bootstrap tutors’, that is tutors who 
are enrolled in the course they are tutoring. He lists three advantages that result from this 
practice. (1) Bootstrap tutors are easier to recruit than students who have already completed 
the course. (2) The best students in a course are better able to help less able students with specific 
course problems than persons who have not recently encountered and solved those problems. 


(3) Tutoring results in very thorough learning, and this is of more immediate benefit to enrolled 
students than to anyone else. 


A recently published article by Kahn and Strassenburg [11] reports a more novel use of under- 
graduate students in the instructional process. Some 40 students who had completed a one-year 
introductory college physics course one or two semesters earlier were enrolled in a course 
entitled ‘Instructional Research’. Part of their weekly duties consisted of providing tutorial 
assistance to about 400 students currently enrolled in the introductory course. This tutorial 
activity centred around an open laboratory that also served as a learning centre in the sense that 
audio-visual materials were available there, course announcements were posted there, and staff 
members assigned to this course congregated there. Mastery tests, however, were administered 
elsewhere and undergraduate tutors never served as test proctors. 


The other part of the work performed by tutors enrolled in the research course involved these 
students in the analysis of aspects of the instructional s 


s ystem then used by the director of the 
introductory course. Each group of four or five tutors, during each of two or three different 
periods during the semester, were expected to identify components of the introductory course 
system that functioned poorly, to propose a better method of acċomplishing the intended 
purpose of that component, to implement a pilot model of the proposed improvement and to 
monitor the success of the innovation. Some interesting attempts were made to improve the 
system; some were judged by the course director to have such merit that they were subsequently 
adopted as part of the standard operating procedure. Other projects made no lasting impact on 
the instructional system but may have provided valuable educational research experiences for the 
tutors. No quantitative evaluation of the value of the research course is provided in the reference, 
but the authors assert that the existence of the research course improved the morale of students 
enrolled in the introductory course. 


Self-paced instruction is not c 
Without a Teacher’ [12] Bolin, I 


onfined to tertiary education. In an article entitled ‘Physics 
school students to learn physic 


gnatz and Lewis report on Project Physics materials that permit 

l l s through self-study. The students who initially tested these 

materials did have access to a tutor, a senior student, but the tutor was not competent to provide 

a general advice on how to conduct a physics experiment. While the students certainly 

ee pe of their own learning, they did not directly contribute to the design of the 
onal system. An evaluation of the tests of these materials is discussed in this article. 
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20.2 DEVELOPMENT OF INSTRUCTIONAL MATERIALS BY STUDENTS 


One way to give students input to the teaching-learning process is to involve them directly in the 
preparation of instructional materials. As far as we know, the only person who has done this with 
both undergraduates and graduates in order to enrich the physics education of the students is 
Peter Kahn of the State University of New York at Stony Brook. This work was reported in some 
detail in reference [11]. The paragraphs below are quoted directly from that article. 


“We identify capable students at three different stages of their education and invite them to 
participate in the development of curriculum materials: (1) advanced undergraduates who seek 
graduate careers in the physical sciences, (2) advanced undergraduates or:master’s degree 
candidates who seek careers in high school teaching, and (3) graduate students who wish to 
have a more adequate teaching experience than is afforded them by the traditional teaching 
assistantship. To accommodate students from all of these backgrounds we concentrated our 
efforts on the development of curricular materials in modular format. Our modules are 
independent learning units, covering a limited amount of subject matter. They are suitable as 


enrichment materials to.complement textbooks. 


Most modules contain (1) prerequisites and goals, (2) a short narrative section, (3) experiments, 
(4) problems and tests, (5) bibliography and references for collateral reading, and (6) suggestions 
for related projects. Each module is a modest undertaking in order to be within the capabilities 
of the student. The initial work is most frequently done during the summer, and students are 
given the opportunity to continue and refine their efforts during the school year. Academic 
credit toward graduation is awarded for the activities pursued during the academic year (through 
research project courses) and outstanding modules are considered suitable as part of a student’s 
research toward an honours degree in physics. The students are also given the opportunity to 
present their work at local meetings of the American Association of Physics Teachers. 


Module projects fall into four categories. (1) Experiments suitable for use in introductory 
physics courses. (2) Self-paced materials designed to cover some aspects of physics not usually 
covered within the physics undergraduate curriculum. (3) Modules which are centred around 
the design of demonstrations for use in introductory courses. (4) Modules which are concerned 


entirely with problems outside physics. 

As a result of these activities, students have been attracted to the idea of more active participa- 
tion in the learning process. More important, they have welcomed the opportunity to work, to 
make apparatus function and to see their ideas used in a college physics course. Finally, they 
have had the opportunity, traditionally reserved for the faculty, to gain some tae in the 
design of teaching materials. This neglected part of students education is particularly useful 


for those who will go on to teach.” 


20.3 STUDENT-ORIGINATED RESEARCH 
undergraduate specializing in physics consists of courses 


and extracurricular experiences that prepare him for the world of research. While many students 


See earch ideas which they pursued, we will confine our discussion 
may well have originated the res me entitled ‘Student Originated Studies’ (SOS) conducted 


i i am 
in this chapter to the formal aia (NSF) in the U.S.A. Under this programme, a group of 


b í i ; é 
y the National Science Fou heir efforts must submit a formal proposal, have it 


stud i ive NSF support for thei 
mie ela jt eos Koi: on the results of their research. Almost all of the projects supported 


under this programme focus On problems that could be classified as environmental in nature. 


A substantial part of the education of an 
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Typical problems studied by such groups might involve measurements of a specific pollutant in a 
particular stream or the use of land in a particular city. 


Student groups typically conduct the bulk of their SOS research work during the summer. They 
are required to name a faculty sponsor, but this person serves primarily as a responsible fiscal 
agent and an advisor; students do generate the research ideas, prepare the proposal, conduct the 
research and write final reports themselves. The independence of action and the level of 
responsibility this requires is probably a more valuable acquisition for the student participants 
than any specific information the students may acquire. 


Guyford Stever, Director of NSF, in his foreword to the 1971 report of SOS projects [12] 
commented on the benefits of participation identified by students as follows: 


“Student participants repeatedly have pointed to how much they have gained from having to 
(1) focus upon meaningful topics and practical designs; (2) organise teams so as to achieve 
needed balance in expertise and recruit suitable project advisors to reinforce the effort; 
(3) forge functioning teams out of individuals with highly diverse backgrounds and then 
continuously subjugate personal differences so as to maintain the strong sense of mission 
required to keep the work moving steadily toward its goals; (4) establish productive relation- 
ships with industrial, governmental, and other public bodies; (5) interface effectively with their 
funding agency and with officials: of the host institutions; (6) monitor progress and reassess 
goals on a continuing basis, making midcourse adjustments as results define the most 
productive avenues of inquiry; and (7) keep diligently at the task of translating the findings 


into usable reports, for the benefit of all who are concerned about good environmental 
management and good education.” 


An evaluation of the programme [13] was conducted by Stephen M. Smith and Joseph G. 
Coleman in 1974. The goals of the evaluation were 


(1) to identify the effect of the SOS 
programm? on all involved persons and institutions; (2) to determine those SOS projects that 
have influerced institutional, participant, and community change; and (3) to determine those 
variables that differentiate influential projects from less influential projects. The findings of the 
study are summarized below. 


SOS does result in increased emphasis on independent study in the regular curriculum and the 
introduction by the faculty of new materials or instructional techniques, The NSF places top 
priority on the former and lower priority on the latter, while in practice the actual outcome 
strongly favoured the latter activity. 


To some extent, science departments holding SOS grants did develop and teach courses on 
environmental and social problems and they did initiate student-designed courses. Again, 
however, the relative extent to which these goals were realised is reversed from the ranking of 
importance of the activity among NSF programme officers, 

Only one-fifth of the institutions that con 


ducted SOS programmes increased the number of 
environmental courses as a result of their invol 


vement in the SOS programme. 
f With regard to participants, the research findin 
ree increase their research skills, knowled 
7 ie (2) Participants increased their perc 
al ihe Participants and two-thirds of t 
eee to the solution of social and en 
Carry out a res j 
persuaded of the need Le 


for interdiscipli 
more favourable attitudes toward ieee 


gs disclose that (1) Participants did to a high 
ge of their disciplines and interdisciplinary teamwork 
eived administrative and organizational skills; (3) over 
he Project Directors felt that SOS enabled them tO 
vironmental problems; (4) the same fractions felt they 
their own; (5) three-quarters of the participants were 
ry science research; (6) participants did not develop 
dent study as a result of their SOS experiences. 


270 


Contribution of students 


Finally SOS projects seem to have had considerable influence on the way local communities 
make decisions concerning environmental issues. 


Guyford Stever summarized many of the valuable characteristics of the programme in the 
foreword to the 1973 NSF Report of SOS Projects [14]. He refers to the value of coming to 
grips with genuinely difficult and challenging problems, including local problems of social 
importance. He describes how interdisciplinary teams of students are demonstrating that 
Objectives and structures that initially appear to be mutually exclusive can often be reconciled. 
Readable summaries of the SOS programme are contained in references [15] and [16]. More 
detailed descriptions of individual student projects are contained in references [12], [14] and 
[17]. In addition, there is an interesting article by Weinberg [18] describing his method for 
Providing research opportunities for undergraduates on a modest scale. 


Except for the NSF SOS programme, opportunities for students to influence the structure and 
content of their own educational programmes have been regrettably few. This is an area that 


deserves more attention from physics teachers in the future. 
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Appendix I 


THE INTERNATIONAL CONFERENCE ON PHYSICS EDUCATION: 
EDINBURGH 1975 i 


This account of the Edinburgh Conference is partly based on the article by Lester G. Paldy, 
which appeared in the November 1975 issue of the journal The Physics Tea 
the article by W.F. Archenhold, published in the Janua 
Grateful acknowledgement is made to these two a 
sion to use their articles in this way. 


cher, and partly on 
ry 1976 issue of Physics Education. 
uthors and to the two journals for permis- 


About 330 people actively involved in physics education, coming from nearl 
Edinburgh (United Kingdom) from 29 July to 6 August 


largely responsible for its establishment under its first Chairman, Pr 
whole area of physics ed 


j hy , eird, Brazil, July 1963 [2]; on the education 
of professional physicists, London, U.K., 1965 [3] on the education of physicists for work in industry, Eindhoven, 
Netherlands, 1968 [4]; on the education of teachers of physics fo ‘ 


T secondary schools, Eger, Hungary, 1970 [5]; 
on the role of the history of physics in physics education, Cambridge, U.S.A., 1970 [6] > ones 


e r ucation since the first general 
international conference held in 1960, ICPE felt, therefore, that the time had come for another international 
conference covering the whole field of physics education, to assess what had b i 


ate with ICPE on the planning of it. Preliminary discussions were initiated in 1973, leadin ev 
v ; ; entually to the 
holding of the Edinburgh Conference in 1975. cia 


Organizations: (3) 
volume III of the 


Paper, each paper giving an outline of present trends and problems in one of the selected topics as well as sugges- 
tions for action. These papers formed the basis for discussions in working groups at the Conference. As part of 
the preliminary steps in the planning of the Conference, a world-wide Survey of literature on physics education 
was commissioned by Unesco. This Survey was made available to the authors of the 20 “trend papers”, and 
subsequently also to the Conference participants who wished to purchase a copy of it. 


The old city of Edinburgh provides a working environment that would be very hard to surpass. The basic 
organizational details of the Conference were attended to by a dedicated local organizing committee chaired by 
Professor W, Cochran, with R.M. Sillitto as Secretary and Dr P.J. Kennedy as Treasurer, supported by other 
Persons too numerous to mention here. The entire programme went very smoothly. 


The only feature which did not live up to expectations was the weather! The brochure advertising the Con- 
ference warned that “visitors to Scotland are generally surprised by the briskness of the Scottish summer. The 
daytime temperature in Edinburgh seldom rises above 18°C in early August, and it is usually advisable to carry 
Some protection against rain”. In the event, the visitors as well as the locals were pleasantly surprised by the 
Spendid weather which the U.K. enjoyed during July and August 1975. The temperature seldom fell below 
18°C and the only protection required was against the sun! The warm sunshine obviously also helped the 150 
beha omhpanying members in their enjoyment of the excellence of the local arrangements made on their 

ehalf, 


Much of the work of the Conference was done in 20 working groups, covering each of the topics that had 
been selected by the international planning committee. Every Conference participant was a member of two of 
these groups. Discussions were broadly based on the above-mentioned ‘trend papers’, which had been prepared 
and circulated in advance of the Conference. Each group met on three occasions (for three hours each time) and 
at the end of each session the Chairman and Secretary, in consultation with the author of the trend paper, pro- 
duced a short report which was published, with other news items, in the daily ‘bulletin’. This enabled Partici- 
Pants to get some idea of the progress made in working groups of which they were not members, and, if they so 
Wished, to pass comments to the Chairman or to other participants of such groups. Appendix II gives the name 
of the author of the trend paper for each of the 20 topics and the names of the Chairman and Secretary of the 
Corresponding working groups. 

The seco j a ference was the series of plenary sessions. Simultaneous translation 
facilities E E ee French and French to English. The main speakers were: Sir Hermann 
Bondi (UK) on ‘Physics, education and society’ [7] ; Pierre Aigrain (France) on ‘Where is physics going? [8] 5 

«R. Kaddoura (Syria) on “Where is education going?’ [9]; H.B.G. Casimir (Netherlands) on ‘Education, physics 
and technology’ [10]; V.F. Weisskopf (U.S.A.) on ‘Is physics human? [11]; Kevin Keohane (U.K .), 
Rais Ahmed (India) Joseph Elstgeest (Lesotho) and E.W. Hamburger (Brazil) who contributed to the plenary 
Session on ‘New science and old cultures’ [12]; and Eric Rogers (U.K.) who gave a lecture-demonstration on the 
theme ‘Let young people enjoy their physics and gain intellectual satisfaction from its study’ [13]. 

5 i ing display of materials from a great variety of recent 

jitsiot the CORES Ve cca ig a organized by E.J. Wenham (Worcester 
d physics curriculum groups from all over the world to send 


Or to bring exhibits to the Conference. The display in Edinburgh included one exhibit ee of a following 
Countries: Denmark, France, Federal Republic of Germany, Kenya, Philippines, baa an mai 4 wo 
exhibits from Brazil and from Italy; three from the U.S.A.; and eleven from the 1 on Te a S is $ these 
exhibits is given in Appendix III, with addresses from which further details on e ly ae a ee mat 3 
There was much interest in these exhibits among the Conference page pin ging by the number who came 
to visit them and by the lively discussion groups that often formed around them. 

: anes i aching apparatus, which was organized by Geoffrey 
Fo beni eera ites Tarn at T oxkibite provided by British universities and an exhibit 


br A ss or Loria. Most of the exhibits, howevei, came from commercial 
inept by an Italian team headed by Profess one from France, two from the Federal Republic of Germany, one 


manufa i chi. aratus: r š g 
aa a ga s physics St ae United States and twelve from the United Kingdom. The apparatus 
exhibited Pin pal ieee _ from elementary kits to the more complex and sophisticated apparatus as well 
4s analog and digital computer units. a A eN ‘ nore 
ence was the large exhibition of physics texts an ot er science teac hing 
esac el peated ie by the attractiveness of the books and their suitability for a variety 
. Many part 


Of purposes. The exhibit was arranged by G.R. Noakes. 
ature of the Conference was the showing of films useful in physics teaching or in 
Im sessions were organized by Miss B.M. Jennison (Department of Education, 


i One of the highlig 
and current physics education projects from many 
College of Education, Worcester, U.K.), who invite 


A particularly interesting fe 


the training of teachers. The fi 


273 


i i i .K.). Maximum use was made of the limited time available (two evening sessions) by 
aa ea te from a large number of films from all over the world, instead of showing fewer 
films in their entirety. In this way it became possible to illustrate and to discuss different ways of using films 
in physics teaching. ‘Facilities were also available for members of the Conference, on a self-service basis, to see 
complete films at other times or to show their own films to other participants. 


Each evening (except for the two that were devoted to film sessions) featured a social event. One of them, in 
association with the Royal Society of Edinburgh, was a tribute to Professor Norman Feather, the distinguished 
nuclear physicist, on the occasion of his retirement from the chair of Natural Philosophy at the University of 
Edinburgh. His evening discourse entitled ‘Twice thirty years of physics’ was much appreciated. 


The various social functions all had a Scottish flavour, characterized by the lone piper walking on the balcony 
of the Royal Scottish Museum at the reception given by H.M. Government. Other receptions were offered to 
participants by the City of Edinburgh, the University of Edinburgh and by the British Council. In short, the 


Conference organizers succeeded in their efforts to provide an environment in which the participants could 
enjoy their hard work at the Conference. 
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esponsible for the ‘trend papers’, which forme 


Appendix II 


THE WORKING GROUPS AT THE EDINBURGH CONFERENCE 


Conference together with the names and addresses of the authors 
d the basis for the discussions, and the Chairman and Secretaries 


of each working group. 


l. 


liy 


- _ Diffusion of Innovations in Ph 


The Postgraduate Education of Physicists. 
Martin Cernohorsky, Purkyne University, 
Czechoslovakia. 

Chairman: E.L. Jossem 

Physics Curricula and Courses for Physics Undergraduates. 


P.J. Black, Dept. of Physics, University of Birmingham, Box 363, Birmingham, U.K. 
Chairman: D, Ivey Secretary: N. C. Barford 


Faculty of Natural Sciences, Kotlarska 2, 611 37 Brno, 


Secretary: J. Oitmaa 


Learning in Universities. 
UFRGS, 90000 Porto Alegre, R.S. Brazil. 
Secretary: W.R. Hogg 


New Approaches to Teaching and 
M.A. Moreira, Instituto de Fisica, 
Chairman: D. Fincham 


The Role of the Laboratory in Physics Education. 
J.A. Eades, Physics Dept., University of Bristol, U.K. i 
Chairmen: M. Palma-Vittorelli, E.J. Burge Secretary: C. Crellin 
From School to Higher Education. n 
J.M. Ogborn, Centre for Science Education, Chelsea College, Bridges Place, London, U.K. 
Chairman: D. Sette Secretary: H. Bunton 

ning of Physics. 


Educational Technology in the Teaching and Lear ; 
A.V. Baez, Lawrence erat of Science, University of California, Berkeley, California 94720 U.S.A. 
Chairman: B. McInnes Secretary: R.A. Sutton 


New Approaches to Teaching and Learning in Schools. A 

E.J. Wenham, Worcester College of Education, Henwick Grove, Worcester, U.K. 

Chairman: A. Loria Secretary: M.J. Harrap 

The Effect on Physics Education of a Better Understanding of the Psychological Process of Learning. 
L. Leboutet Université de Paris VII, Tour 23 5€ étage, 2 place Jussieu, 75221 Paris, France. 
Chairman: J. Elstgeest Secretary: G. Strumane 


The Pri Curriculum Development. ; ‘ 
A.A. Torro ly oh of Science Education Development and Research, National Science Founda- 
tion, Washington, DC 20550, U.S.A. i 

Chairmen: F a ai PB. Kahn, R. Ahmed Secretaries: E. Taylor, J.G. Jones 


ysics Education into National Systems. — = 5 
J. Reay, School of Education, University of West Indies, Saint Augustine, Trinidad, British West Indies. 
Chairman: H. Meiners Secretary: H.A. Daw 


The I hysics and Mathematics. i i 
e Interface between Phy of Warsaw, Poland (University level) and W.U. Walton, Educational 


K. Mauri f Physics, University 
aea a Chapel Street, Newton, Massachusetts 02160, U.S.A. (School level). 
Chairmen: Y. Werle E. Nagy Secretaries: M.G. Ebison, G.R. Noakes 
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12. 


r3: 


14. 


15; 


16. 


18. 


19, 


20; 


276 


The Assessment of Student Achievement. 


C.B. Oguntonade, Continuing Education Centre, University of Lagos, P.O. Box 56, Akoka Lagos, Nigeria. 
Chairman: E.J. Burge Secretary: R.J. Osborne 


Integrated and Multi-disciplinary Curricula at the Secondary Level. 


G. Delacôte, Université de Paris VII, Tour 23 5° étage, 2 place Jussieu, 75221 Paris, France. 
Chairman: E. Baurmann Secretary: D. Reid 


Pre-service and In-service Training of Secondary School Physics Teachers. 
M. Ferretti, Via Luca Ghini 6, 40136 Bologna, Italy. 


Chairman: P. Thomsen Secretary: D.A. Tawney 


Physics for Technical Education and Technological Literacy. 


N.H. Frank, Dept. of Physics, Massachusetts Institute of Technolo 


gy, Cambridge, Mass. 02139, U.S.A. 
Chairman: N.H. Frank 


Secretary: A.G. Campbell 

Physics and Recent Trends in Education. 

E.W. Hamburger, Instituto de Fisica, Universidade de Sao Paulo, Cidade Universitaria, Caixas Postais 
20516, 8219 Sao Paulo, Brazil. 


Chairman: M.M. Hurst Secretary: D. Carter 


Science and Society; Scientific and Technological Aspects of Current Problems of Society. 
J.M. Fowler, Dept. of Physics, University of Maryland, College Park, Maryland 20742, U.S.A. 
Chairman: B. Robinson Secretary: L. Cohen 

Out-of-School Science A citivities. 


F.L. Wattier, I.C.C., rue de Veeweyde 125, B-1070 Brussels, Belgium. 
Group worked with No. 16. 


Women in Physics and Physics Education, 
A. Kelly, Centre for Educational Sociology, 


University of Edinburgh, 24 Buccleuch P] Edinburgh, U.K. 
Chairman: V. Kistiakowsky z ii 


Secretary: A. Kelly 

The Contribution of Students to the Improvement of Physics Education, 

A.A. Strassenburg, National Science Foundation, Washington DC 20550, U.S.A. 
Group worked with No, 9. 


` printed materials to upgrade Venezuela ph 


Appendix III 


PHYSICS CURRICULUM PROJECTS EXHIBITED AT THE EDINBURGH 
CONFERENCE 


This list is based on that prepared by John M. Fowler and published in the November 1975 
Grateful acknowledgement is made to the author 


issue of the journal ‘The Physics Teacher’. g 
and to the journal for permission to reproduce it. Further details can be obtained from the 


addresses given for each project. 


Ask Nature, Denmark. A curriculum and materials development programme for Danish schools producing 
Physics textbooks which integrate experimentation and theory. The first material is for students of about age 14. 
Professor Poul Thomsen and Dr E. Flensted-Jensen, Royal Danish School of Education Studies, Emdrupvej 115B, 


Copenhagen IV, Denmark. 

Computers in the Curriculum, U.K. This programme is producing simulation programmes in BASIC, which, 
when put in place on a computer, allow students to plan and carry out experiments, i.e., to set parameters and 
initial conditions and obtain results. For advanced secondary school students or first year university students. 
Dr.R. Lewis, Centre for Science Education, Chelsea College, Bridges Place, London SW6 4HR, U.K. 


East African Secondary Science Project (Kenya, Tanzania, Uganda). Modelled after the English Nuffield pro- 
gramme, but independently developed and adapted for the East African system. | For advanced high school 
Students, Dr D.J, Sloan, Kenya Institute of Education, P.O. Box 30231, Nairobi, Kenya. 


Estudios Libres (Free Studies) Venezuela. “Education at a distance’’. It uses television programmes and 
¢ ysics teachers. Professor Biagio Murgia, Universidad Simon Bolivar, 


Apartado 5354, Caracas, Venezuela. 


ee en Brazil. This Brazilian foundation develops a 
Pe s and books — which are sold on the market directly, 
ostal 2089, Sao Paulo, S.P., Brazil. 
m Higher Education Learning Project (Physics), U.K. A tutorial pro) 
P as a team in problem solution. For university level physics stud 
ucation, Chelsea College, Bridges Place, London SW6 4HR, U.K. 
Independent L er i U.K. A cooperative effort of a group of teachers to produce a learning 
nce, U.K. p! 
Packet (work n sciente students in English secondary schools. An attempt to better the match 
etween mixed ability students and the various science programmes. E.L. Green, Countersthorpe College, 


Winchester Road, Leicester, LE8 3PR, U.K. 


nd produces inexpensive science education materials — 
instead of through schools. Dr A.S. Teixeira, Caixa 


ect in which small groups of students 
ents. J.M. Ogborn, Centre for Science 


Initiation aux Sciences et Techniques, France. A group of physicists and teachers is engaged in the production 

Of modules on such topics as automation, photography, and polymers, to be nsedin seon ndity education. 

Initiation aux Sciences et Techniques, University of Paris VII, 2 place Jussieu, 75221 Paris, France. 

Iniziativa Relativita, Italy. The introduction of special relativity as a physics topic in Italian secondary schools. 
e project Beers are reran educational research on teaching and learning in physics at this level. 

rofessor G, Cortini, Instituto di Fisica «g” Marconi, Universita degli Studi, Roma, Italy. 

turwissenschaften, Germany. A curriculum development project on physics 

i d equipment alread 

or students i ts of secondary school. It emphasizes the use of processes and equip y 

available rise ie E It combines theory and experiment. Dr P. Haussler, I.P.N., an der 
Niversitat Kiel, Olshausenstrasse 40—60, D2300 Kiel 1, Federal Republic of Germany. 


Institut fur die Padagogik der Na 


ZIT 


i i i ttish Centre for Mathematics, Science, and 

atics and Science Centre, Dundee, Scotldnd. The Sco Ci tics, . 
detail eaucten has several curriculum projects. Most of the activity so far has been in mathematics, but 
high school units in biology and general science are also under development. 


Nuffield Physics Project, U.K. The Nuffield O-level project is a British curriculum project which has already 


been extensively reported. E.J. Wenham, Worcester College of Education, Worcester, U.K.; John L. Lewis, 
Malvern College, Worcestershire, U.K. 


Nuffield Advanced Physics Project, U.K. This impressive British A-level project has already been widely 
reported. Professor P.J. Black, Dept. of Physics, University of Birmingham, Box 363, Birmingham, U.K.; J.M. 
Ogborn, Chelsea College, Centre for Science Education, Bridges Place, London SW6 4HR, U.K. 


Open University, U.K. A massive programme for out-of-school education using television presentation of 


lectures with correspondence school type lessons supplemented by regional learning centres. The Open Univer- 
sity, Walton Hall, Milton Keynes, U.K. 


Pennsylvania Nuclear Science Program. A student and a teacher workbook on “The Environmental Impact 
of Electric Power Generation” with useful source materials for teachers, Pennsylvania Dept. of Education, 
Harrisburg, PA 17126, U.S.A. 


Physics Interface Project, U.K. A cooperative project involving several British Universities and aimed at 
beginning college students of physics, It is focused on the development of diagnostic procedures, on self teaching 
units, and on the testing and evaluation of these materials. R.A. Sutton, Dept. of Physics, University College, 
P.O. Box 78, Cardiff, Wales, U.K. 


Physics of Technology Project, U.S. Modular materials primarily for two. 
based on technical devices such as the analytical balance, the automobile ig 
the cathode ray tube and the pressure cooker. The physics behind the tee 
study. John McWane and Bill Aldridge, TERC, 575 Technology Square, 


-year colleges. The materials are 
nition system, binoculars, the camera, 
hnology is brought to the surface for 


Cambridge, MA 02139, USA. 
Physics Project, Science Education Center, University of the Philippines. Desi 


yS A gns and tests programmes for 
use in high schools. The present physics course was created for Philippine teachers. University of the Philippines, 
Science Education Center, Diliman, Quezon City, Philippines. 


Physics Teaching Project (PEF), Brazil. A curriculum development project for Brazilian secondary schools. 
It is intended to be a terminal physics course covering mechanics and electricity. Experimentation and theory are 
integrated. Professor Ernst Hamburger, Instituto de Fisica, Universidad de Sao Paulo, Caixa Postal 20516, Sao 
Paulo, Brazil. i 


Project Physics, U.S.A. This well known project has already been extensively reported. Professor J. Rutherford, 
School of Education, 23 Press Buildings, Washington Square, New York, NY 10003, USA. 

School Technology Programme, England. Materials 
programmes. The emphasis is on current applications 


(kits and text) to supplement secondary school physics 
London, U.K. 


of physics in industry. Dr G, Sneed, c/o The Science Museu™: 


Science in a Social Context Project, U.K. A cooperative project of several British universities introducing social, 
historical and philosophical issues into the teacher traini 


sto ] t ng programmes of physical science teachers. Dr W.F. 
Williams, Room 9183, Physics Administration Building, University of Leeds, Leeds, U.K, 


å ie Structure of Matter, an A ctivity-based Science Cour: 
€velops ideas about the structure of matter in bot 


se, Italy. A course for 14 year old students which 
Vittorelli, Instituto di Fisica dell Universita, Via A 


h biological and physical systems, Professor M.B. Palma 
rchirafi 36, 90123 Palermo, Italy. 
lence Curriculum Innovation Project. An integrated (physics, chemistry, biology and earth 


nme c ally and used extensively throughout the English speaking 
eay, University of Trinidad, Trinidad. 


Scie 


Caribbean islands. oa i eign eres ele 


West Indian Se 
Nees) seconda 
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Appendix IV 


LIST OF PARTICIPANTS IN THE EDINBURGH CONFERENCE 
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